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PREFACE 


This Interval arithmetic or interval mathematics developed in 
1950’s and 1960’s by mathematicians as an approach to putting 
bounds on rounding errors and measurement error in 
mathematical computations. However no proper interval 
algebraic structures have been defined or studies. In this book 
we for the first time introduce several types of interval linear 
algebras and study them. 


This structure has become indispensable for these concepts 
will find applications in numerical optimization and validation 
of structural designs. 


In this book we use only special types of intervals and 
introduce the notion of different types of interval linear algebras 
and interval vector spaces using the intervals of the form [0, a] 
where the intervals are from Z, or Z’ U {0} or Q’ U {0} or R® 
U {0}. 


A systematic development is made starting from set interval 
vector spaces to group interval vector spaces. Vector spaces are 
taken as interval polynomials or interval matrices or just 
intervals over suitable sets or semigroups or groups. Main 


feature of this book is the authors have given over 350 
examples. 


This book has six chapters. Chapter one is introductory in 
nature. Chapter two introduces the notion of set interval linear 
algebras of type one and two. Set fuzzy interval linear algebras 
and their algebras and their properties are discussed in chapter 
three. 


Chapter four introduces several types of interval linear 
bialgebras and bivector spaces and studies them. The possible 
applications are given in chapter five. Chapter six suggests 
nearly 110 problems of all levels. 


The authors deeply acknowledge Dr. Kandasamy for the 
proof reading and Meena and Kama for the formatting and 
designing of the book. 


W.B.VASANTHA KANDASAMY 
FLORENTIN SMARANDACHE 


Chapter One 


INTRODUCTION 


In this chapter we just define some basic properties of intervals 
used in this book. Throughout this book [a, b] denotes an 
interval a < b. If a = b we say the interval degenerates to a point 
a. We assume the intervals [a, b] is such that 0 <a <b. We just 
give the notations. 


Notations: Let 

Z; = {[a, b] |a,b € Z* U {0}, a<b} 
Q} = {[a, b] | a, be Q’U {0},a<b} 
Ri = {[a,b]|a,be R v {0}, a<b}. 


Clearly Z| < Qi CR}. Consider Z' = {[0, r] | r © Zn} is the 
set of intervals in Z,. 


However from the context one can easily follow from which 
set the intervals are taken. 

While working we further refrain and use mainly intervals 
of the form [0, a] where a € Z, or Z’ U {0} or Q’ U {0} or R® 
U {0}. We add intervals as [[a, b] + [c, d] = [ac, bd] 

In case of [0, a] type of intervals [0, a] + [0, b] = [0, a + b] 
and [0, a]. [0, b] =[0, ab] for a, b in Z, or Z {0} or so on. We 
use only interval of the form [a, b] where a < b for in our 
collection of intervals we do not accept the degenerate intervals 
except 0. When we say A = (ajj) is an interval matrix the entries 
aj are intervals. 

For example 

[0,5] [0,3] 
[0,1] [0,4] 
[0,2] [0,7] 


is a3 x 2 interval matrix. 
For more about these concepts please refer [52]. 
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Chapter Two 


SET INTERVAL LINEAR ALGEBRAS OF 
TYPE | AND THEIR GENERALIZATIONS 


In this chapter we for the first time introduce the new notion of 
set interval linear algebras of type I and their fuzzy analogue. 
This chapter has two sections. 


2.1 Set Interval Linear Algebras of Type | 


In this section we define two classes of set interval linear 
algebras one built using just subsets from Z or Q or R or C or Z, 
(n < 0) and the other built using intervals from Z” U {0} or Q® 
U {0} or R* U {0} or Z, discussed in chapter one of this book. 
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DEFINITION 2.1.1: Let S denote a collection of intervals of the 
form {[xi, Vil; Vi x1 € Z; 1 Si Sn} (This set S need not be closed 
under any operation just an arbitrary collection of intervals). 
Let F be a subset of Z’ U {0} If for every c € F ands = [x; yi] € 
S, we have cs = [cx; cy;] © S; then we define S to be a set 
interval integer vector space over the subset F. If the number of 
distinct elements in S is finite we call S to be a finite set interval 
integer vector space; if |S| = co we say S is an set integer 
interval vector space of infinite order. 


We will illustrate this situation by some examples. 


Example 2.1.1: Let S = {[2n, 2m],n<m|m,ne€Z"} c Zi, 


take F = {2, 4, 8, ..., 2) Cc Z. S is a set integer interval vector 
space of infinite order over the set F. 


Example 2.1.2: Let S = {[1, 2], [0, 0], [4, 7], [-2, 3], [4, 21], 
[-45, 37] [3, 7], [147, 2011]} c Z, be a subset of integer 
intervals. Take F = {0, 1} Cc Z. We see S is a set integer interval 


vector space over the set F. Clearly S is of finite cardinality and 
o(S) = |S] = eight. 


Now having seen the structure of set integer interval vector 
space of finite and infinite dimension we now proceed on to 
define set rational interval vector space. 


DEFINITION 2.1.2: Let S <Q; or Q; be a subset of intervals of 
QO, or QO}. Let F ZU {0} or O° U {0} be a subset of Z’ or O'; 
(according as S is from QO; or Q)). 


If for every c € F and s = [x, y] © S we have c s = [cx, cy] and 
sc = [xc, yc] is in S then we define S to be a set rational interval 
vector space over F. 


If the number of distinct elements in S is finite we say the 


cardinality is finite otherwise infinite. Throughout this chapter 
unless otherwise stated the set F over which the vector spaces 
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are defined is assumed to be subsets of Z”U {0} or Q’U {0} or 
R*U {0} that is Fc ZU {0} (or QU {0} or R® U {0}). 


We shall illustrate this situation by some examples. 
Example 2.1.3: Let 
mec 
n n-2 
be a subset of intervals. Take F = {0, 1} <Q. Clearly S is a set 


rational interval vector space over the set S of infinite 
cardinality. 


rsnse| CO; 


Example 2.1.4: Let S = 


[So] E2s][2.¢]en[2s]/24 
2 3 5 7 2 4 


Cc Q; bean interval subset of Q7. 


It is easily verified S is a set rational vector space over the set F 
= {0, 1} and the cardinality of S is seven. 


DEFINITION 2.1.3: Let S c R; (or Rj) be the subset of intervals 


of reals. Let F <Z or O' or R’ (Zor O or R). If for alls eS 
and c € F, sc and cs is in S then we define S to be a set real 
interval vector space over F. If the number of elements in S is 
finite we say S is of finite order otherwise S is of infinite order. 


We shall illustrate both the situations by some examples. 


Example 2.1.5: Let 
S= i{n 5.nVi3 || n= Z" U{0}} Re 


be the subset of intervals from the positive reals. Take F = {1, 2, 
3, 4, ..., 256} CZ’. S is an infinite set real interval vector space 
over the set S. 
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Example 2.1.6: Let 


5 = 4 + 
V7 V2 
be a subset of intervals. Take F = Z* c R’. Clearly S is an 
infinite set real vector space over F. 


Isnse| eRe 


Example 2.1.7: Let S = {[0, 0], [0, 1], [V2,V7], [-v3, 4], 
(—v13,V43 J, [5, 8], [V17, 41]} c Ry subset of real intervals. 


Take F = {0, 1} CR. We see S is a set real interval vector space 
over the set F. S is of finite dimension or cardinality and the 
number of elements in S is 7. 


Now we will define the concept of set modulo integer interval 
vector spaces. 


DEFINITION 2.1.4: Let S = {[/x, y] /x, y €Zy,x<y} CZ’ bea 


subset of intervals from the modulo integers. Take F CZ, to be 
proper subset of Z,. If for every c € F and all s = [x, y] €S, [cx 
(mod n), cy (mod n)] and [xc (mod n), yc (mod n)] € S then we 
say S is a set modulo integer interval vector space over a subset 
{0, 1} © Z, (n < oc) any other subset S; C Z, is choosen 
provided if x < y implies sx < sy Vs € S; and VY [x, y] in S. 


We will illustrate this situation by some examples. 


Example 2.1.8: Let S = {[0, 0], [0, 1], [0, 2], [1, 1], [2, 2]} < 
Z; be the subset of intervals of Z3;. Take F = Z3 it is easily 


verified that S is a set modulo integer interval vector space over 
23 =F. 


Example 2.1.9: Let S = {[0, 0], [2, 4], [4, 6], [6, 8], [8, 10]} ¢ 
Zo Take F = {0, 1} Cc Zp. It is easily verified that S is a set 
modulo integer interval vector space over F. 


It is pertinent to mention here that all set modulo integer interval 
vector spaces are only of finite dimension. 
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Thus it is convenient to use these structures when our need is 
just finite. 


Now we proceed onto define the notion of set complex 
interval vector spaces. 


DEFINITION 2.1.5: Let S c C; subset of intervals of complex 
numbers. Take F to be a subset of Z’ U {0} or R* U {0} or OF U 
{0}. If for be the every c in F and for every s = [x, y] in S sc, cs 
€ S§ then we call S to be a set complex interval vector space 
over the set F. 


We will illustrate this situation by some examples. 


Example 2.1.10: Let S = {[21, 41 + 2], [7, 31 + 13], [0, 0], [141 + 
1, 271 + 4]$ CC be a subset of intervals from C;. Choose F = 
{0, 1}; we see S is a set complex interval vector space of 
cardinality four over the set F = {0, 1}. 


Example 2.1.11: Let S = {[ni, ni+n]|n € Z"} CC, bea subset 
of intervals from C;. Choose F = {1, 2, ..., 24} we see S is an 
infinite set complex interval vector space over F. 


We now proceed onto describe substructures in these 
algebraic structures. 


DEFINITION 2.1.6: Let S Cc Z; C (Z)) be a set integer interval 


vector space over the set F Cc Z we Say a proper integer 
interval subset P Cc S to be a set integer interval vector 
subspace of S over F if P itself is a set integer interval vector 
space over F. 


We will illustrate this by some examples. 
Example 2.1.12: Let S = {[0, 0], [3, 9], [4, 14], [-5, 17], [13, 


19], [41, 53]} c Z, be an integer interval subset of Z;. Take F = 
{0, 1} < Z, S is a set integer interval vector space over F. Take 
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P = {[0, OJ, [41, 53], [-5, 17], [3, 9]} cS, P is a set integer 
interval vector subspace of S over the set F. 


Example 2.1.13: Let S = {[0, 0], [(2m)", (2m)"""]; 1 <n, m < 
oo} ¢ Z'; S isa set integer interval vector space over the set F = 
{0, 2, 2°, ..., 2°} cZ*. Choose P = {[0, 0], [(4m)", (4m)"" ] | 1 
<n,m<o} CS; P is a set integer interval vector subspace of S 
over F. 


Now we can as in case of set integer interval vector spaces 
define for set real (complex, rational, modulo integers) set real 
interval vector spaces (complex, rational, modulo integer) 
interval vector subspaces with appropriate simple changes. 


We shall however illustrate this situation by some 
examples. 


Example 2.1.14: Let S = {[0, 0], [2, 2], [1, 1], [0, 1], [0, 2], [3, 
3], [0, 3]} < Z be a set modulo integer interval vector space 


built using Z4. Take F = {0, 1, 2, 3} Cc Z4. We see S is a set 
modulo integer interval vector space over F. 


Take P = {[0, 0], [1, 1], [2, 2], [3, 3], [0, 2]} CS; P is a set 
modulo integer interval vector subspace of S over F. 


Example 2.1.15: Let S = {{0, 0], [1, V2], [1, V3], [V2.v3], 
[V17 (03 |} CR; be a set real interval vector space over the set 


F = {0, 1}. Choose P = {[0, 0, [1, V3], [V2, V3]} cS; Pisa 
set real interval vector subspace of S over F. 


Example 2.1.16: Let 
cr) 5 43 45 
= 0, 0 ol pee (OF [oe ee Tage Tg = 
co,o1 [3.3], [22),..[PShica 
be a set rational interval vector space over the set F = {0, 1}. 


Take 
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P= #0, 0) E q) E a) E 25) E 2) [4 | 
ers DAN ey Deal aad sel wrens 8 he 


Cc S; it is easily verified P is a set rational interval vector 
subspace of S over the set F = {0, 1}. 


Example 2.1.17: Let S = {{n V2, n 23], [0, 0] |n eZ} CR, 
be a set real interval vector space over the set F = {0, 1}. 
Choose P ={(3nV2 , 3n J23 J, [0, O]} cS; P is a set real 
interval vector subspace of S over the set F = {0, 1}. 


Example 2.1.18: Let S = {[mi, (m + 3) + (m + 3)i], [0, 0] | m € 
Zt < C, bea set complex interval vector space over the set F = 
{0, 1}. Choose P = {[S5mi, [5(m + 3) + 5(m+3)i]|meZ?cS 
Cc C,. P is a set complex interval vector subspace of S over F. 


Now we call a set integer (real or complex or rational or modulo 
integer) interval vector space S to be a simple set integer (real or 
complex or rational or modulo integer) interval vector space if it 
has no proper set integer (real or complex or rational or modulo 
integer) interval vector subspace P; where P # [0, 0] or S over F. 


We will illustrate by some simple examples the notion of set 
integer (real or complex or rational or complex or modulo 
integer) simple vector space. 


Example 2.1.19: Let S = {[0, 0], [5, 7]} be a set integer interval 
vector space over the set F = {0, 1}. We see S is a simple set 
integer interval vector space over F. 


Example 2.1.20: Let S = {[0, 0], [0, 1], [0, 2], [0, 3], [0, 4], [0, 
5], [0, 6]} < Z;, be a set modulo integer interval vector space 


over the set F = {0, 1, 2, 3, 4, 5, 6}. We see S is a simple set 
modulo integer interval vector space over F. 
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Example 2.1.21: Let S = {[0, 0], CAA |} c Q; be a rational 


interval vector space over the set F = {0, 1}. S is a simple set 
rational interval vector space over F = {0, 1}. 


Example 2.1.22: Let S = {[0, 0], [1, 3 + i]} be a set complex 
interval vector space over the set F = {0, 1}. S is a simple set 
complex interval vector space over F = {0, 1}. 


Example 2.1.23: Let S = {[0, 0], [V7,V3 +40 ]} be a set real 


interval vector space over the set F = {0, 1}. Clearly S is a 
simple set real interval vector space over F. 


We now proceed onto define the new notion of subset integer 
(real or complex or rational or modulo integer) interval vector 
subspace defined over a subset T c F of a set integer (real or 
complex or rational or modulo integer) interval vector space 
defined over F. 


DEFINITION 2.1.7: Let S Cc Z; be a set integer interval vector 
space defined over the set F <Z U {0}. Suppose P CS (Pa 
proper subset of S, P #[0, 0] or P #8) is a set integer interval 
vector space over the subset T C F (T #(0) or T #P and |T\ > 
1) then we define P to be a subset integer interval vector 
subspace of S over the subset T of F. Similar definition can be 
made in case of set real or complex or rational or modulo 
integer interval vector spaces with suitable modifications. 


However we will illustrate this situation by some examples. 


Example 2.1.24: Let S = {[0, 0] [0, 1] [0, 2], ..., [0, n] | n < co} 
Cc Z; be a set integer interval vector space over the set F = {0, 1, 
2, 3, 4}. Choose P = {[0, 0], [0, 2], [0, 4], ..., [0, 2n]} CS. P is 
a subset integer interval vector subspace of S over the subset T 
= {0,2} cF. 


Example 2.1.25: Let S = {[0, 0], [0, 1], [0, 2], [0, 3], [0, 4], [1, 


1], [2, 2], [3, 3], [4, 4]} be a set modulo integer interval vector 
space over the set F = {0, 1, 2, 3, 4} c Zs. Choose P = {[0, 0], 
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[0, 1], [0, 2], [0, 3], [0, 4]} cS, P is a subset modulo integer 
interval vector subspace of S over the subset T = {0, 1} CF. 


We now proceed onto define the new notion of pseudo simple 
set integer (real or rational or complex modulo integer) simple 
interval vector spaces. 


DEFINITION 2.1.8: Let S ¢Z; (or Q; or Z! or R; or Cy be a set 


integer (rational or modulo integer or real CZ’ VU {0} or 
complex) interval vector space over the subset F < Z vu {0}. 
Suppose S has no proper subset integer (rational or modulo 
integer or real) interval vector subspace over a proper subset T 
of F then we define S to be a pseudo simple set integer (rational 
or modulo integer or real) interval vector space over F. 


If S is both a simple set interval vector space as well as pseudo 
simple set interval vector space over F then we define S to be a 
doubly simple set interval integer (real or rational or modulo 
integer) vector space. 


We will give some illustrations before we proceed onto prove 
some properties. 


Example 2.1.26: Let S = {[0, 0], [0, 1], [0, 2], ..., [0, 415]} ¢ 
Z; be a set integer interval vector space over the set F = {0, 1}. 
Clearly S is a pseudo simple set integer interval vector space 
over F. However S is not a simple integer interval vector space 
as S has several set integer interval vector subspaces over F = 
{0, 1}. Thus S is not a doubly simple set integer interval vector 
space over F = {0, 1}. 


In view of this we have the following theorem. 


THEOREM 2.1.1: Let S CZ; (or Q; or Zi. or R; or C)) be a set 


integer (rational or modulo integer or real or complex) interval 
vector space over the set F = {0, 1}. Then S is a pseudo simple 
set integer (rational or modulo integer or real or complex) 
interval vector space over the set F = {0, 1}. 
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Proof: The result follows from the fact that the set F = {0, 1} 
has no proper subset T of order greater than or equal to two. 
Thus we cannot have any subset integer (rational or modulo 
integer or real or complex) vector space over F = {0, 1}. Hence 
the theorem. 


THEOREM 2.1.2: Let S = {[0, 0], [x, y]} CZ, for Ol or Z! or R; 
or C)) be a set integer (rational or modulo integer or real or 
complex) interval vector space over the set F = {0, 1}. Then S is 
a doubly simple set integer (rational or modulo integer or real 
or complex) interval vector space over the set F = {0, 1}. 


Proof: Obvious from the very definition and the cardinalities of 
S and F. S is a doubly simple set integer (rational or modulo 
integer or real or complex) interval vector space over F. 


Now we will give an example of a doubly simple set interval 
integer vector space. 


Example 2.1.27: Let S = {{0, 0], [V7,3V19 ]} CR be a set real 
interval vector space over the set F = {0, 1}. Clearly S is a 
doubly simple set real interval vector space over F. 


We now proceed onto define the notion of set interval vector 
space interval linear transformations. 


DEFINITION 2.1.9: Let S and T be any two set integer (rational 
or modulo integer or real or complex) interval vector spaces 
defined over the same set F. We call a map T; : S — T which 
maps intervals of S into intervals of T and T;(cs) = cT)(s) for all 
s €Sandc €F to bea interval linear transformations of S to T. 

The collection of such interval linear transformations of S 
to T is denoted by [Hom (S, T). 


We will give some illustrations of this definition. 
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Example 2.1.28: Let S = {[0, 0], [0, 2], ..., [0, 45]} and T = {[0, 
0], [1, 2], [1, 3], ..., [1, 45]} be two set integer interval vector 
spaces defined over the set F = {0, 1}. 
Define T; : S > T by 

Ty {[0, 0]; = — {[0, OJ} 

T; {{0,n]} = {[1,n]} 2<n<45, 


T; is an interval linear transformation of S to T. 


Example 2.1.29: Let 
S = {(0, 0], [V2,V7 ], [V7,v11 ], [v11,V43 1, [¥43,20V53 ]} 
and T = {[0, 0], [7, 9], [3, 11], [24, 45], [10, 29]} be two set real 


interval vector spaces defined over the set F = {0, 1}. 
Define T; ([0, 0]) = [0, 0]. 


Ty ([¥2,V7 ]) = [7,9] 
Ti({V7,v11}) = 3, 11] 
T, ([V11,V43]) = [3, 11] and 


T; ([V43,20V45 ]) = [24, 45]. 


T; is an interval linear transformation of S to T. 


It is important to mention here that S and T can be any type of 
set interval vector space built using integers or reals or complex 
or so on but only criteria we need is that both should be defined 
over the same set F. This is evident from the following example. 

As we do not demand any thing from the set map T; except 
T; (cs) = cT| (s) for every c € Fands eS. 

As in case of usual vector spaces we say a interval linear 
transformation is an interval linear operator if S = T in the 
definition 2.1.9. 

Now having seen interval linear transformation T; we can 
define kernel of T; only if [0, 0] © S otherwise the notion of 
kernel of T; remains undefined. 


We will illustrate this by some examples. 


Example 2.1.30: Let S = {[2", 2°] | n= 1, 2, ..., ©} and T = 
[4", 4"°"] | n = 1, 2, ..., co} be two set integer interval vector 
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spaces defined over the set F = {4, 7 ae }. Define T; : S 
eT by Te oe [4A pat Ly De n y 

It is easily verified that T; is a interval linear transformation 
of S to T. 

We see the notion of kernel T; has no meaning as [0, 0] ¢ S. 


Now we proceed onto give one example of a linear interval 
operator (interval linear operator) on a set interval vector space. 


Example 2.1.31: Let S = {[3", 3°] | n = 1, 2, ..., 0} be a set 
integer interval vector space over the set F = {0, 1}. Define T, : 
V > V by T, 3", 3°77] > [37, 377], n= 1, 2, ..., 2. 

It is easily verified that T; is a interval linear operator on V. 
Further T; has kernel. 


Next we proceed onto define set interval linear algebras built 
using integer intervals, real intervals and so on. 


DEFINITION 2.1.10: Let S;, S2, ..., S_ be a collection of subset 
integer (real, complex, rational or modulo integer) interval 
vector subspaces of S defined over the subsets T), ..., T; of F 
respectively (that is each S; is a subset interval vector subspace 
of S over the subset T; of F; i=1, 2, ..., k). IfW = AS; # gand T 
= (T; # ¢ then we call W to be a sectional subset interval vector 
sectional subspace of S over T. 


We will illustrate this situation by an example. 


Example 2.1.32: Let S = {[0, 2n], [0, 6n], [0, Sn], [0, 11n], [0, 
14n] /n=0, 1, 2, ..., ©} be a set integer interval vector space 
over the set F = Z’. 

Take S,; = {[0, 2n]/n=0, 1, 2, ..., 0} S. = {[0, 6n] | n= 0, 
1,2, ..., o}, S3 = {[0, 5n] /n=0, 1, 2, ..., of, Ss = {[0, 14n]/n 
= 0, 1, 2, ..., o} and S; = {[0, 11n] /n = 0, 1, 2, ..., oo} be 
subset integer interval vector subspaces of S over the subsets T, 
= 2Z, T2 = 3Z, T3 = 5Z, 7Z = T4 and Ts; = 11Z respectively. 
Clearly W = §; # 6 and T= T; # 6. Hence W 1s a sectional 
subset interval vector sectional subspace of S over T CF. 
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We have the following interesting theorem the proof of which is 
left as an exercise for the reader. 


THEOREM 2.1.3: Every sectional subset interval sectional 
vector subspace W of the set interval vector space S over the set 
F is a subset interval vector subspace of a subset F, but not 
conversely. 


We can as in case of set vector spaces define the generating 
interval set of a set interval vector space. 


DEFINITION 2.1.11: Let S be a set interval vector space built 
using interval integers or reals or rationals or complex or 
modulo integers over the set F. We say a subset of intervals B of 
S generates S if every interval s of S can be got as cs some c € F 
s; cS; and s; #cs; for 8; #5;; S;, 8; € Bandc € F. B is called the 
generating interval set of S over F. 


We will illustrate this by some simple examples. 


Example 2.1.33: Let S = {[0, 2n], [0, 3n], [0, 5n], [0, 7n] | n= 0, 
1, 2, ..., 00} be a set integer interval vector space over the set F 
= {0, 1, 2, ..., co}. 

Take B = {[0, 2], [0, 3], [0, 5], [0, 7]} c S; B is the 
generating interval subset of S over F. 


Example 2.1.34: Let S = {[2n, 3n], [5n, 7n], [11n, 13n], [15n, 
29n], [12n, 31n] | n = 0, 1, 2, ..., 00} be a set integer interval 
vector space over the set F = Z” U {0}. Take B = {[2, 3], [5, 7], 
[11, 13], [15, 29], [12, 31]} cS, B is the interval generating 
subset of S over the set F. 


We as in case of set vector spaces say a proper interval subset B 
of a set interval vector space to be linearly independent interval 
set if x, y € B then x #cy ory # dx; c,d € F. If the interval set 
B is not linearly independent then we say B is a linearly 
dependent interval set. 

We see in the example 2.1.34, B is a linearly independent 
subset of S. If we take D = {[2, 3], [8, 12], [5, 7], [10, 14]} cS. 
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D is not a linearly independent interval set as [8, 12] = 4 [2, 3] 
and [10, 14] = 2 [5, 7] for 4,2 € Zu {0}. 


It is left as an exercise for the reader to prove the following 
theorem. 


THEOREM 2.1.4: Let S be a set interval vector space over the 
set F. Let B CS be a generating interval set of S over F then B 
is a linearly independent interval set of S over F. Further if S, P 
and V be any three set interval vector spaces over the set F (S, P 
and V may be integer interval or real interval or complex 
interval or rational interval or modulo integer interval) such 
that if T; and M, be interval linear transformations where 


T;:-S oP 
and M,: POV. 
Then 

TroM,:S 3 V. 

That is (T;0 M) (s) (for s € S) 

= M,(T;(s)) 

M, (p) (p € P) 
= vzveVs; 


is a interval linear transformation for S to V. 
We can define invertible interval linear transformation of T; 


where T;: S +P then T,': P +S and derive related properties. 


It is pertinent to mention that we cannot define for these set 
interval vector spaces set interval linear functional; as F the set 
over which S is defined is not an interval set. 


Now we proceed onto define the notion of set interval linear 
algebras using integer intervals or real intervals or rational 
intervals or complex intervals or modulo integer intervals. 


DEFINITION 2.1.12: Let S be a set integer (real or complex or 
rational or modulo integer) vector space defined over the set F. 
If S is closed under the operation ‘+’ of interval addition i.e., if 
s = [x, y] and s; = [a, b], s + s; = [c, d] is in S for every s, 8; € 
S and c (s+s;) = cs + cs; for all s,s; eS andc €F then we call 
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S to be a set integer (real or complex or rational or modulo 
integer) interval linear algebra over F. 


We will first illustrate this situation by some examples. 


Example 2.1.35: Let S = {[0, 2n] |n =0, 1, 2, ..., 00} c Z; bea 
set interval linear algebra over the set F = {0, 1}. Clearly S is 
closed under interval addition. For if x = [0, 2n] and y = [0, 2m] 
are in S then 
xty = [0,2n]+[0, 2m] 
= [0+0,2n+ 2m] 
= [0,2(n+m)]€S. 


Example 2.1.36: Let S = {[0, V5n]| n= {0, 1,2, ...,0}}¢ 
R; be a set interval linear algebra over the set F = {0, 1, 2, ..., 


oo}. 


Example 2.1.37: Let S = {[5n, 9n] | n = 0, 1, 2, ..., o} 1s a set 
interval linear algebra over the set F = {0, 1}. For if x = [5, 9] 
and y = [20, 36] then x + y = [5, 9] + [20, 36] = [25, 45] = [5.5, 
9.5] eS. 


Now having seen examples of set interval linear algebras 
defined using real intervals or integer intervals or rational 
intervals or modulo integer intervals or complex intervals, now 
we proceed on to define set real (or complex or integer or 
rational or modulo integer) interval linear subalgebra. 


DEFINITION 2.1.13: Let S be a set interval linear algebra using 
(integer intervals or real intervals or complex intervals or 
rational intervals or modulo integer intervals) over the set F. 
Suppose P CS is a proper subset of S and P itself is a set 
interval linear algebra over F then we define P to be a set 
interval linear subalgebra of S over F. 


We will illustrate this by some examples. 
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Example 2.1.38: Let S = {{n(1 + i), n (20 + 20i)] |n € Z*} bea 
set complex interval linear algebra over the set F = {1, 2, ..., 
oo}. Take P = {[4n(1 + i), 4n(20 + 20i)] | n € Z"} CS; P isa set 
complex interval linear subalgebra of S over F. 


Example 2.1.39: Let S = {[21n, 43n] | n = 0, 1, 2, ..., 0} bea 
set interval linear algebra over the set F = Z’. Let P = {[21 x 5n, 
43 x 5n] | n = 0, 1, 2, ..., 0 } CS. P is a set interval linear 
subalgebra of S over the set F = Z”. 


We illustrate this situation by some examples. 


Example 2.1.40: Let S = {[0, V7 n] /n=0, 1, 2, ..., ©} bea set 
real interval linear algebra over the set F = {0, 1}. Take P = {[0, 
Nii x 5n]/n=0, 1, 2, ...,00$ CS; P is a set real interval linear 
subalgebra of S over F. 


Example 2.1.41: Let S = {[n (2 + 31), n (12 + 171)] | n = 0, 1, 2, 
...., 00} be a set complex interval linear algebra over the set F = 
{0, 1}. Choose P = {[6n(2 + 31), 6n(12 + 171)] | n=0, 1, 2, ..., 
oo} CS, P is a set complex interval linear subalgebra of S over 
F, 


Now we proceed onto define subset interval linear subalgebra 
built using integer intervals or complex intervals or real 
intervals or rational intervals or modulo integer intervals. 


DEFINITION 2.1.14: Let S be a set integer (real or complex or 
rational or modulo integer) interval linear algebra over the set 
F. Let P CS be a proper subset of S (P # gand P #8); if Pisa 
set integer (real or complex or rational or modulo integer) 
interval linear algebra over a proper subset T of F (T #F) then 
we define P to be subset integer (real or complex or rational or 
modulo integer) interval linear subalgebra of S over the subset 
T of F. 


We will illustrate this situation by some examples. 
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Example 2.1.42: Let S = {[0, (3 + VI17 )n] be such that n = 0, 1, 
2, ..., ©} be a set real interval linear algebra over the set F = {0, 
1, 2, ...,n = 00}. Choose P = {[0, (3 + VI17 )n] | n= 0, 2, 4, 6, 8, 
...., 03; that is n is even} C S; P is a subset real interval linear 
subalgebra of S over the subset T = {4n|n=0, 1, 2, ..., 00} CF. 


Example 2.1.43: Let S = {[0, 0], [0, 1], [0, 2], [0, 3], [0, 4], [0, 
5]} be a set modulo integer linear algebra over the set F = {0, 1, 
2, 3, 4, 5}. Choose P = {[0, 0], [0, 2], [0, 4]} cS, P is a subset 
modulo integer Z, interval linear subalgebra of S over the subset 
T= {0, 2,4} CF. 


Now if we have a set interval linear algebra S built over the 
(real intervals or rational intervals or complex intervals or 
modulo integer intervals) over the set F and if S has no proper 
set interval linear subalgebra over F then we define S to be 
simple set interval linear algebra over F. If S has no subset 
interval linear subalgebra over any proper subset T of F then we 
define S to be pseudo a simple set interval linear algebra. If S is 
both a simple set interval linear algebra and a pseudo simple set 
interval linear algebra then we define S to be a doubly simple 
set interval linear algebra. 


We will illustrate this by some simple examples. 


Example 2.1.44: Let S = {[0, 0], [0, 1], [0, 2] [0, 3], [0, 4]} < 
Zs] be a set modulo integer 5 interval linear algebra over the set 
F = {0, 1, 2, 3, 4} then S is a simple set modulo integer 5 
interval linear algebra. Infact S is also a pseudo simple set 
modulo integer 5 interval linear algebra. Thus S is a doubly 
simple set modulo integer 5 interval linear algebra. 


Consequent of this we give a class of doubly simple set interval 
linear algebras. 


THEOREM 2.1.5: Let S = {/0, 0], [0, 1], .... [0, p-1] / p is a 
prime and intervals are from ae } be a set modulo integer p 


interval linear algebra over F = {0, 1} then S is a doubly simple 
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set modulo integer p interval linear algebra. S is a doubly 
simple set modulo p integer interval linear algebra. 


The proof is left as an exercise for the reader. 


Now as in case of set interval vector spaces we in case of set 
interval linear algebras define interval linear transformations. 


DEFINITION 2.1.15: Let S and M to two set integer (real or 

complex or rational or modulo integer) interval linear algebras 

over a set F. Suppose T; is a map from S to M, T, is called a 

interval linear transformation if the following condition holds; 
T; (cs + 81) = cT; (s) + T; (si) 

for all intervals s, s; in S and for all c in F. 


It is important to mention that interval linear transformation is 
defined if and only if both the set linear algebras are defined 
over the same set F. Further set linear interval transformations 
of set interval vector spaces are different from set interval linear 
algebras. 

If in the definition 2.1.15, M is replaced by S then we call 
the set interval linear transformation to be a set interval linear 
operator on S. As in case of set interval vector spaces we define 
the notion of generating set linearly independent elements and 
set linearly dependent elements. 

We see in case of set interval linear algebra S over F; a 
subset of intervals B Cc S is said to be a linearly independent 
interval subset if there is no s € B such that s can be written as 


s= Yo 65; 3 i € Bandc; € F; 
otherwise we say the set B is a linearly dependent interval 
subset. We say a linearly independent interval subset B of S to 


be a generating interval subset if every s € S can be written as 


S= > 6b: ;c; € Fandb; € B. 


We will illustrate this situation by some examples. 
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Example 2.1.45: Let S = {[0, nV2 ]|n=0, 1, 2, ..., 00} CR be 
a set real interval linear algebra over the set F = {0, 1}. Take B 
= {[0, J2 |} c S, B is the generating interval subset of S. 
Consider {[0, V2], [0, 5V2]} = C cS, C is a linearly 
dependent interval of S as [0, 5V2 ]=[0, J2]+[0, V2] + [0, 
V2 ]+[0, ¥2]+[0, V2]. 

We call the set interval linear algebra S over F to be finite 
dimensional if B is a generating interval subset of S over F and 
the number of elements in B is finite; otherwise we say S is an 
infinite dimensional set interval linear algebra of over F. The 
dimension of S given in example 2.1.45 is finite and is one. 

Interested reader can construct and study more about the 
dimension of set interval linear algebras. 


Now having seen only class of set interval linear algebras we 
now proceed onto define another new class of interval linear 
algebras. 


2.2 Semigroup Interval Vector Spaces 


In this section we proceed on to define a new class of semigroup 
interval vector spaces and discuss a few of their properties. 
However every semigroup interval vector space is a set interval 
vector space and not vice versa. 


DEFINITION 2.2.1: Let S be a subset of intervals from Z,; or R; 
or Z' or Q, or C;. F be any additive semigroup with zero. We 


call S a semigroup interval vector space over the semigroup F if 
the following conditions hold good. 

1. cs €Sforallc €F and foralls €S. 

2. 0s =0 ES foralls €Sand0 é€F. 

3. (Cc; + C2) 8 =cjs + c28 forall c), c2 € Fands ES. 


We will illustrate this situation by some examples. 
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Example 2.2.1: Let S = {[0, 2n] | n = 0, 1, 2, ..., © } bea 
semigroup interval vector space over the semigroup F = Z” U 
{0} under addition. 


Example 2.2.2: Let S = {[(. + 1)n, n (2 + 21)n] | n = 0, 1, 2, ..., 
oo} be a semigroup interval vector space over the semigroup F = 
3Z° UL {0} under addition. 


Example 2.2.3: Let S = {[0, 0], [0, 2], [0, 4], [0, 8], [0, 6], [0, 
10], [0, 12], [0, 14], [0, 16], [0, 18]} be a semigroup interval 
vector space over the semigroup F = Zs) (semigroup under 
addition modulo 20). 


Example 2.2.4: Let S = {[0, 0], [0, 3]} < Z} be a semigroup 


interval vector space over the semigroup F = {0, 3, 6} addition 
modulo 9. 


Now we proceed on to define semigroup interval vector 
subspace of S. 


DEFINITION 2.2.2: Let S be a semigroup interval vector space 
over the semigroup F. Suppose ¢#P CS (P #S a proper subset 
S) is a semigroup interval vector space over the semigroup F 
then we define P to be a semigroup interval vector subspace of 
S over the semigroup F. 


We will illustrate this situation by some examples. 


Example 2.2.5: Let S = {[0, 0], [0, 1], [0, 2] [0, 3], [0, 4], [0, 5], 
[0, 6], [0, 7], [0, 8], [0, 9], [0, 10], [0, 11]} be a semigroup 
interval vector space over the semigroup F = {0, 2, 4, 6, 8, 10} 
Cc Z), addition modulo 12. 


Take P = {[0, 0], [0, 4], [0, 8]} cS, P is a semigroup 
interval vector subspace of S over the semigroup F. 


Example 2.2.6: Let S = {[0,n V17]|n=0, 1, 2, ..., ©} bea 
semigroup interval vector space over the semigroup F = 3Z* U 
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{0} under addition. Take P = {[0, 4n nied ] such that n = 0, 1, 2, 


..., ©} CS; P is a semigroup interval vector subspace of S over 
the semigroup F. 


If a semigroup interval vector space S over the semigroup S has 
no proper semigroup interval vector subspace over F other than 
P = {[0, O]}, then we call S to be a simple semigroup interval 
vector space over F. 

We will illustrate this situation by some examples. 


Example 2.2.7: Let S = {[0, 0], [0, 1], [0, 2], [0, 3], [0, 4]} be 
the semigroup interval vector space over the semigroup F = Z; 
under addition modulo 5. S is a simple semigroup interval 
vector space over F. 


Example 2.2.8: Let S = {[0, 0], [0, n] /n= 1, 2, ...,22} c Z), 
be a semigroup interval vector space over the semigroup F = Z,3 
under addition modulo 23. S is a simple semigroup interval 
vector space over Zp3. 

In view of these examples we have the following theorem 
which guarantees the existence of a class of simple semigroup 
interval vector spaces. 


THEOREM 2.2.1: Let S = {[0,n] /n=0, 1, 2, ..., p-l} © Z), p 


a prime. F = Z, a semigroup under addition modulo p. S is a 
simple semigroup interval vector space over F. 


Proof: Follows from the fact that no proper interval subset P of 
S (P # [0, 0] or P # S) can be a semigroup interval vector spaces 
over F. Hence the claim. 


Thus we have a class of infinite number of simple semigroup 
interval vector space over the semigroup F. 


Example 2.2.9: Let S = {[0, 0], [0, n] | n € Z»; m a non prime 
integer m < oo} be a semigroup interval vector space over the 
semigroup Z,, = F. We see S is not a simple semigroup interval 
vector space over Z,, = F. 
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In view of this we have the following theorem. 


THEOREM 2.2.2: Let Z, = {0, 1, 2, ..., m— 1}; m = pi'...p” 

where p}, ..., p, are t distinct primes and a, =1, 1 Si St, be the 
set of integers modulo m. S = {[0, n] |n € Zn} CZ). Sis a 
semigroup interval vector space over the semigroup F = Zp. 
Infact S is not a simple semigroup interval vector space and P; 
= {[0, npi] /p; a prime such that p% /mand p%"'+/m; 15 is 
t,n, Pi © Zmf CS are semigroup interval vector subspaces of S 
over F = Z,. 


The proof is straight forward and left as an exercise for the 
reader. 


We will illustrate the above theorem by some examples. 


Example 2.2.10: Let Z3) = {0, 1, 2, ..., 29} be the modulo 
integer 30 and 30 = 2.3.5. 

S = {[0, n] | n € Z39} be a semigroup interval vector space 
over the semigroup F = Z39. Take P, = {[0, 0] [0, 2], [0, 4], [0, 
6], ..., [0, 28]} = {[0, 2n] | 2, n € Z39} CS. 

It is easily verified P, is a semigroup interval vector 
subspace of S over F. 

Take P, = {[0, 3n] | 3, n € Z3o} CS, Po is a semigroup 
interval vector subspace of S over F. 

P; = {[0, 5n] | 5, n € Z39} CS; P3 is a semigroup interval 
vector subspace of S. 


Example 2.2.11: Let Z35 = {0, 1, 2, ..., 35} modulo 36, integers. 
36 = 27. 3°. Let S = {[0, n] | n © Z36} be a semigroup interval 
vector space of S over the semigroup Z35 = F. 

Choose P, = {[0, 2n] |n € Z36} = {[0, 0], [0, 2], [0, 4], [0, 6], 
...5 [0, 34]} c Zi; P; is a semigroup interval vector subspace 
of S over the semigroup F = Z36. P. = {[0, 4n] | n € Z36} = {[0, 
0], [0, 4], [0, 8], [0, 12], [0, 16], [0, 20], [0, 24], [0, 28]} cS is 
a semigroup interval vector subspace of S over the semigroup F 
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= Z36. P3 = {[0, 3n] /n € Z36} CS is a semigroup interval vector 
subspace of S over F = Z3¢. 

P4 = {[0, 0], [0, 9], [0, 18], [0, 27]} cS is a semigroup 
interval vector subspace of S over F = Z3¢. 


Now we will proceed onto define the notion of semigroup 
linearly independent linearly dependent interval subset of a 
semigroup interval vector space. 


DEFINITION 2.2.3: Let S be a semigroup interval vector space 
over the semigroup F. A set of interval elements B = {5}, 83, ..., 
Spf of S is a said to be a semigroup linearly independent interval 
subset if s; #cs;; for alle € F ands; s; © B;i 4j; 15 i,j <n. 

If for some s; = cs; c € F; iF; 8, 8; € B then we say the 
semigroup interval subset is linearly dependent or not linearly 
independent. 

If B is a semigroup linearly independent interval subset of S 
and B generates S, the semigroup interval vector space over F; 
that is if every element s € B can be got as s = cs; c € F and s; 
Esler n 


We will illustrate this by some examples. 


Example 2.2.12: Let S = {[0, n] | n = 0, 1, 2, ..., 0} bea 
semigroup interval vector space over the semigroup F = Z” U 
{0}. Take B = {[0, 1]$ c S, B generates S as a semigroup 
interval vector space over F. 


Example 2.2.13: Let S = {[0, n] | n € Z)2} be a semigroup 
interval vector space over the semigroup F = {0, 6} C Zyp 
semigroup under addition modulo 12. Take B = {[0, 1], [0, 2], 
[0, 3], [0, 4], [0, 5], [0, 7], [0, 8], [0, 9], [0, 10], [0, 11]} cS,B 
generates S over F = {0, 6}. 


Example 2.2.14: Let S = {[0, n] | n € Z.4} be a semigroup 


interval vector space over the semigroup F = {0, 2, 4, 6, 8, 10, 
...5 22} C Zo4, semigroup under addition modulo 24. 
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Take B = {[0, 2], [0, 0], [0, 4], [0, 8]} cS; B is a linearly 
dependent interval subset of S over F. 


Example 2.2.15: Let S = {[0, n] | n = 1, 2, ..., 11} be a 
semigroup interval vector space over the semigroup F = {0, 2, 4, 
...5 LO} C Zi, semigroup under addition modulo 12. Take B = 
{[0, 1], [0, 3], [0, 5], [0, 7]} cS, B is a linearly independent 
interval subset of S over F but is not a generating interval subset 
of S over F. 


We will now proceed onto define the notion of semigroup 
interval linear algebra. 


DEFINITION 2.2.4: Let S be a semigroup interval vector space 
over the semigroup F. If S is also an interval semigroup under 
addition then we define S to be semigroup interval linear 
algebra over the semigroup F if c (s; + S82) = cs; + cs? fors €S 
and ¢c), Co €F. 


We will illustrate this situation by some examples. 


Example 2.2.16: Let S = {{0, n]|n € Z’ U {03} be a semigroup 
interval linear algebra over the semigroup Z’ U {0} = F. Take P 
= {[0, 5n] |n € ZU {03} CS; P is a semigroup interval linear 
subalgebra of S over the semigroup F = Z” U {0}. 


Example 2.2.17: Let S = {{na, (n+ 5) a]|aeQ,ne Zu 
{0}} be a semigroup interval linear algebra over F = Z’ U {0}. 
Take P {[na, (n+ 5)a|a,n eZ’ U {03} CS; P is a semigroup 
interval linear subalgebra of S over F. 


Example 2.2.18: Let S = {[0, na] |a e R°,n=0, 1, 2, ..., 00} be 
a semigroup interval linear algebra over the semigroup F = Z* U 
{0}. Consider P = {[0, na] | a € Q’; n=0,1,2,..., 0} CS, Pisa 
semigroup interval linear subalgebra of S over the set F = Z” U 
{0}. If the semigroup interval linear algebra S over the set F has 
no proper semigroup interval linear subalgebras then we define 
S to be a simple semigroup interval linear algebra. 
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We will give some examples of simple semigroup linear 
algebras. 


Example 2.2.19: Let S = {[0, n] | n € Z7}  Z, be a semigroup 


interval linear algebra over the semigroup F = Z7. Clearly S is a 
simple semigroup interval linear algebra over F. 


Example 2.2.20: Let S = {[0, n]/n € Z,, p any prime} Cc Z. be 


a semigroup interval linear algebra over the set F = Zp. 


It is easily verified S is a simple semigroup interval linear 
algebra over the set F. 


Now we define new concepts of substructures in these new 
algebraic structures. 


DEFINITION 2.2.5: Let S be a semigroup interval linear algebra 
over the semigroup F. If P cS (P = {0} or P #8) be a proper 
subsemigroup of S. If T be a proper subsemigroup of F and P is 
a semigroup interval linear algebra over the semigroup T then 
we call P to be a subsemigroup interval linear subalgebra of S 
over the subsemigroup T of F. 


If S has no subsemigroup interval linear subalgebras then we 
define S to be a pseudo simple semigroup interval linear 
algebra over F. 


We will first illustrate this situation by some simple 
examples. 


Example 2.2.21: Let S = {[0, n]| n € Zo} be a semigroup 
interval linear algebra over the semigroup F = Zy9. S is a pseudo 
simple semigroup interval linear algebra over F. 


Example 2.2.22: Let S = {[0, 3n]| n € Zio} C Zi,; be a 


semigroup interval linear algebra over the semigroup F = Zjo. It 
is easily verified that S is a pseudo simple interval linear algebra 
over F. 
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Now we define a semigroup interval linear algebra which is 
both simple and pseudo simple as a doubly simple semigroup 
interval linear algebra over F. 


We will illustrate this situation by some simple examples. 


Example 2.2.23: Let S = {[0, n] |n € Zs} c Z5be a semigroup 


interval linear algebra over the semigroup F = Z;. S is a doubly 
simple semigroup interval linear algebra of over F. 


Example 2.2.24: Let S = {[0,n] |n € Z1;} CZ), be a semigroup 


interval linear algebra over the semigroup F = Z;;. S is a doubly 
simple semigroup interval linear algebra over the semigroup F. 


In view of this we give a class of semigroup interval linear 
algebras which are doubly simple semigroup interval linear 
algebras. 


THEOREM 2.2.3: Let S = {/0, n] |n € Z,, pa prime} C Zz, bea 


semigroup interval linear algebra over the semigroup Z,. S is a 
doubly simple semigroup interval linear algebra over Z,. 


The proof is left as an exercise to the reader. 


THEOREM 2.2.4: Let S = {/0, nJ| n € Z U {0}} CZ, bea 
semigroup interval linear algebra over the semigroup F = Z* U 
{0}. S has both subsemigroup interval linear subalgebras and 
semigroup interval linear subalgebras. 


Proof: All T, = {[0, np] | p €¢ Z U {0}} CS is an interval 
semigroup under addition T, c S are semigroup interval linear 
subalgebras of S over the semigroup F = Z” U {0}. Consider T, 
c S, T, is also a subsemigroup interval linear subalgebra of S 
over the subsemigroup T = pZ” U{0} CF=Z'u {0}. 


Hence the claim. 
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DEFINITION 2.2.6: Let R and S be two semigroup interval linear 
algebras defined over the same semigroup F. Let T be a 
mapping from R to S such that T(ca + B) = cT(@ + T(P) for all 
c €F and a, Bf € RB, then we define T to be a semigroup interval 
linear transformation from R to S. 

If R = S we define T to be a semigroup interval linear 
operator on R. 


We will illustrate this by some simple examples 


Example 2.2.25: Let R= {[0, n]|n € Z’ U {03} and S = {[0, n] 
/n € Q’ U {03} be two semigroup interval linear algebras over 
the semigroup F = Z* U {0}. The map T: R > S is defined by 
T((0, n]) = [0, n], n € ZU {0} is a semigroup interval linear 
transformation. 


Example 2.2.26: Let R = {{n, 5n]|n € Z U {0}} and S = {[n, 
5n] | n € R’ U {0}! be two semigroup interval linear algebras 
defined over the semigroup F = Z” U {0}. Define T: R> S by T 
{[n, 5n]} =[n, 5n], for all [n, Sn] € R. 


It is easily verified T is a semigroup interval linear 
transformation of R to S and infact T is an embedding. 


We will give an example of a semigroup interval linear 
operator. 


Example 2.2.27: Let S = {[n, 2n] | n € Z U {03} be a 
semigroup interval linear algebra on the semigroup F = Z” U 
{0}. Define a interval map T: S > S by T{[n, 2n]} = [2n, 4n] 
for all [n, 2n] € S. T is clearly a semigroup interval linear 
operator on S. 


Now we proceed on to define the notion of semigroup 
interval linear projection of a semigroup interval linear algebra. 


DEFINITION 2.2.7: Let S be a semigroup interval linear algebra 
over the semigroup F. Let P CS be a proper semigroup interval 
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linear subalgebra of S over the semigroup F. Let T from V to V 
be a semigroup interval linear operator over F. T is said to be a 
semigroup interval linear projection on P if T(v) = @, if @ € P 
and T(au + v) = aT(u) + T(V), T(u) and T(v) € P for all a EF 
andu, VES. 


We will illustrate this situation by some examples. 


Example 2.2.28: Let S = {[n, 5n]| n € QU {03} be a semigroup 
interval linear algebra over the semigroup F = Z’ U {0}. Take P 
= {[n, 5n] |n € ZU {03} CS; P is a semigroup interval linear 
algebra over F. 

Define T: S > S by 


fae ifneZ 
T ([{n, 5n]) = 


[0,0] ifn¢eZ 
We see T is a semigroup interval linear projection. 


Example 2.2.29: Let S = {[0, n] | n € Z39} be a semigroup 
interval linear algebra over the semigroup F = Z39. Take P = {[0, 
n]|neé {0, 5, 10, 15, 20, 25} C Z3o} cS. P is a semigroup 
interval linear subalgebra of S over F. 

Define n: S > S by n{[0, n]} = [0, 5n]; n is clearly a 
semigroup interval projection of S on P. 


Now we proceed on to define the notion of pseudo semigroup 
interval linear operator on V. 


DEFINITION 2.2.8: Let S be a semigroup interval linear algebra 
over the semigroup F. Let P C S be a subsemigroup interval 
linear subalgebra of S over a subsemigroup R of F. Let T: S > 
P be amap such that T(av + u) = T(@) T(y) + T(w) for all u, v 
E€SandT(a@ € Randa eF. 

We call T to be a pseudo semigroup interval linear algebra 
operator on S. 


Interested reader is expected to construct examples of pseudo 
semigroup interval linear operator on S. 
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DEFINITION 2.2.9: Let S be a semigroup interval vector space 
over the semigroup F. Let W}, W2, ..., W, be semigroup interval 
vector subspaces of S over F. 


fS= Jy, and W; 1W, = gor {0}, ifi 4] then we say S is 


the direct union of the semigroup interval vector subspaces of 
the semigroup interval vector space S over F. 


We will illustrate this by some examples. 


Example 2.2.30: Let S ={[0, n]| n € Z4} be a interval semigroup 
linear algebra over the semigroup F = Z,. S cannot be written as 
a union of semigroup interval sublinear algebras over F. 


Example 2.2.31: Let S ={[0, n]| n € Z.} be a interval semigroup 
vector space over F = {0, 3}. Take W, = {[0, n] /n © {0, 1, 3, 
5} CZ} and W2 = {[0, n]|n € {0, 2, 4} CZ}; W, and W; are 
interval semigroup vector subspace of V over F = {0, 3}. 
Clearly V = W,; U W2 and W,; A W2 = {0}. Thus W is a direct 
union of semigroup interval vector subspaces of S. 


Example 2.2.32: Let G = {[0, n]| n € Zio} be a interval 
semigroup vector space over the semigroup S = {0, 5}. Let W, 
= {[0, n] |n € {0, 2, 4, 6, 8}! ©Gand W>= {[0, n] | n € {0, 1, 
3, 5, 7, 9} Cc G be interval semigroup vector subspaces of V 
over the semigroup S = {0, 5}. Clearly V = W,; U W2 and W, 0 
W, = {0}. Thus V is a direct sum of the interval semigroup 
vector subspaces W, and W>. 


DEFINITION 2.2.10: Let V = {/0, n]| ne Z, or ZU {0} or R® UV 
{0} or O° U {0}} be a interval semigroup linear algebra over 
the semigroup S. Suppose W), W>, ..., Wm be semigroup interval 
linear subalgebras of V such that V = W, + ... + Wy and W; 
W, = {0} or bifi Aj {1 Si, j Sm} then we say V is a direct sum 
of interval semigroup linear subalgebras of V. 


We will illustrate this situation by some examples. 
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Example 2.2.33: Let 
[0, a, | [0, a, | 
aeZ U0 
V=4\ el load) 
1<i<6 
[O,a;] [0,a,] 


be an interval semigroup linear algebra over F = 3Z” U {0}. 
Let 


[Oa,] [0a,] 
Wi= 0 0 a,,a, EZ U {0} 
0 0 


0 0 
W2=4|[0a,] 0} ja,,a, eZ U {0} 
[0a,] 0 
and 
0 
[Oa,] | |a,,a, eZ U {0} 
[0.a,] 


W3= 


oOo Oo Oo 


be interval semigroup linear subalgebras of V over F = 3Z° U 
{0}. Clearly V = W, + W2+ W3 and Win Wj= (0); 14j 154 
< 3. Thus V is the direct sum of interval linear semigroup 
subalgebras. 


Example 2.2.34: Let 


a, a 

a, a, 
be a semigroup interval linear algebra over F = Zs. 
Let 


s eztsissh 
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and 


be semigroup interval linear subalgebras of V over Zg = F. We 
see V = W, + W2 + W3 + Wy and W; 7 W; = (0); 1 <1i,j <4. 
Thus V is a direct sum of semigroup interval linear subalgebras. 


Now we proceed on to define Group interval linear algebras. 


DEFINITION 2.2.11: Let V be a set of intervals with zero which 
is non empty. Let G be a group under addition. We call V to be 
a group interval vector space over G if the following conditions 
are true; 

(a) For every v € Vand g € V gv and vg are in V 

(b) 0v=0 for every ve V and 0 is the additive identity of G. 


We will illustrate this situation by some examples. 


Example 2.2.35: Let V = {[0, ai] | aie Zo} be a group interval a 
vector space over the group Z» = G under addition modulo 9. 


Example 2.2.36: Let V = {[0, ai] | aie Zos} be a group interval 
vector space over the additive group modulo 25. 


We see Z’ U {0} is not a group likewise Q’ U {0}, R’ U {0} 
and C* U {0} are not groups under addition. 
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Example 2.2.37: Let 


[0, a,] 

[0,a,] [0,a,] al) ez 

» a, ,a, a; © Lo 

oe ee ay lOeablO.83). oe NN cies 
[ 


0, a; | 


be a group interval vector space over the group Zoo = G , under 
addition modulo 90. 


Example 2.2.38: Let 


_ J) (0,a,] 
i lel ([0, a, ],[0, a, ][0, a3]) 


a,€Z, 
is <3 


be the group interval vector space over the group Z,4= G under 
addition modulo 14. 


Now we proceed on to define substructures of group interval 
vector spaces. 


DEFINITION 2.2.12: Let V be a group interval vector space over 
the group G. Let P CV be a proper subset of V and is a group 
interval vector space over G. We define P to be a group interval 
vector subspace over G. 


We will illustrate this situation by some examples. 


Example 2.2.39: Let 


{ff 0 o]fo 0 [0,a,] [0,a,] 0 
~ |} [0,a,] OF} 0 [0,a,] |} 0 0 [0,a,] 


a, €Z,. 
1<i<15 
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be a group interval vector space over the group G = Zs. Let 


P is a group interval vector subspace of V over the group G = 
Zs. 


Example 2.2.40: Let V = {[0, ai]| a; € Z4o} be a group interval 
vector space over the group G = Z4o. Take P = {[0, aj]| a; € {0, 
2, 4, 6, 8, 10, ..., 38} Zaso}c V; P is a group interval vector 
subspace of V over G. 


Example 2.2.41: Let 


v= {S10 


i=0 


a, €Z, 
0<1<10 


be a group interval vector space over the additive group G = Z7. 
Let 
i=0 


we {YO 


1,<%)} cV 


be a group interval vector subspace of V over G = Z7. 


Example 2.2.42: Let 


[0,a,] [0,a, | 
V= 4|[0.a,] [0,a,]|)a,¢Z,31<i<6 


[O,a;] [0,a,] 


be a group interval vector space over the group G = Zj., 


[0,a,] 0 
W= [0,a; | 0) | 4,,8,,a, €Zi6 p CV; 
[0,a;] 0 
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is a group interval vector subspace of V over the group G = Z 6. 


DEFINITION 2.2.13: Let V be a group interval vector space over 
a group G. We say a proper subset P of V to be a linearly 
dependent subset of V if for any p;, p2 € P (pi #p2) p; = 4 p2 or 
P2 = 4a’p) for some a, a’ €G. 

If for no distinct pair of elements p}, p2 € P we have a, a; € 
G such that p; = ap2 or p2 = ajp; then we say the set P is a 
linearly independent set. 


Example 2.2.43: Let 
teat adinat # 


be a group interval vector space over the group G = Z). 
Consider 


a 1] 0 | i 3] : 
X= y= 
[0,2] [0,4] [0,6] 0 


in V. Clearly x and y are linearly dependent as 3x = y for 3e G 
= Z42. 


a. c2tsical 


Example 2.2.44: Let 


_ Jf [Ga] [0a,] [0.a,] 
(foe [o.a,] oa 


be a group interval vector space over the group G = Z;. Let 


a. c2siss} 


ie [0,2] a fea [0,8] ca 
x= and y = 
[0,4] [0,1] [0,2] [9,1] [0,4] [0,8] 


be elements of V. 
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We see {x, y} forms a linearly dependent subset of V. For 
we see x = 4y where 4 € Z)5 =G. 


Example 2.2.45: Let V be a group interval vector space over a 
group G. Let H be a proper subgroup of G. If W c V is such 
that W is a group interval vector space over the subgroup H of 
G then we define W to be a subgroup interval vector subspace 
of V over the subgroup H of G. 


If W happens to be both a group interval vector subspace as 
well a subgroup interval vector subspace then we define W to be 
duo subgroup interval vector subspace. If V has no subgroup 
interval vector subspace then we define V to be a simple group 
interval vector space. 


We will first illustrate this situation by some simple 
examples. 


Example 2.2.46: Let 


V = 3|[0.a,]}| a; €Z,,;1<i<3 


be a group interval vector space over the group G = Zp. 
Consider 


It is easy to verify W is a subgroup interval vector subspace of 
V over the subgroup H = {0, 4, 8, 12, 16, 20} C G=Zy4. 


It is further verified W is also a group interval vector 
subspace of V. Thus W is a duo subgroup interval subspace of 
V. 
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Example 2.2.47: Let V = {({0, a], [0, a2], [0, a3], [0, aa], [0, as], 
[0, ac], [0, a7])| ai © Zio, 1 <1 < 7} be a group interval vector 
space over the group G = Zjo. It is easy to verify that V has no 
subgroup interval subspaces as G = Zio has no subgroups. 
However V has several group interval vector subspaces. For 
take W, = {([0, ai], [0, a2], [0, a3], 0, 0, 0, 0) | ai € Zio; 1 $1 < 3} 
c V is a group interval vector subspace of V over the group G. 
W>2 = {([0, a], [0, a], ..., [0, a]) where a € Z,9} Cc V is a group 
interval vector subspace of V over the group G. W3 = {([0, aj], 
...5 O [0, a7])| a1, a7 € Zio} C V is a group interval vector 
subspace of V. 


Example 2.2.48: Let 
[0,a] 
[9, a] 
V=4'[0,a]| |aeZ,, 
[0, a] 
[9, a] 


be a group interval vector space over the group G = Zj3. It 1s 
easily verified V has no proper group interval vector subspace 
as well as subgroup interval vector subspace. 


We cannot define the notion of pseudo semigroup interval 
vector subspace. However we can define the notion of pseudo 
set interval vector subspace of a group interval vector space. 


DEFINITION 2.2.14: Let V be a group interval vector space over 
the group G. S a proper subset of G. Let W CJ; if W is a set 
interval vector subspace of V over the set S CG then we define 
W to be a pseudo set interval vector subspace of V over the set 
S;S CG 


We will illustrate this situation by some examples. 
Example 2.2.49: Let V = {[0, n] | n € Z4o} be a group interval 
vector space over the group G = {Z49}. Consider W = {[0, 0], 
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[0, 7], [0, 14], [0, 21], [0, 28], [0, 35], [0, 42]} CV; W isa 
pseudo set interval vector subspace of V over the set S = {0, 1, 
oR: Cc Z49. 


Example 2.2.50: Let V = {[0, n] /n € Zo} be a group interval 
vector space over the group G = Z4o. W = {[0, O], [0, 10], [0, 
20], [0, 30]} c V is pseudo set interval vector subspace of V 
over the set S = {0, 1, 2, 3} C Zo. 


Now we proceed onto define group interval linear algebras. 


DEFINITION 2.2.15: Let V be a group interval vector space over 
the group G. If V is a group under addition then we call V to be 
a group interval linear algebra. 


We will illustrate this by some examples. 


Example 2.2.51: Let V = {[0, n] | n € Z)s5} be a group interval 
linear algebra over the group G = Z)s. 


Example 2.2.52: Let V = {({0, ai], [0, a2], [0, a3]) / a1, a2, a3 € 
Z\g} be a group interval linear algebra over the group Zs = G. 


Example 2.2.53: Let 
[0, a, ] 
[9,a, ] 
V= 0 1 4,,45,8;,a8, €Zi4, 
943 
[ 


0,a,] 


be a group interval linear algebra over the group G = Zy43. 


a, €Zy 
0<1<27 


be a group interval linear algebra over the group G = Zo. 


Example 2.2.54: Let 


V= [ula 


i=0 
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Now having seen examples of group interval linear algebras 
we now proceed onto define group interval linear subalgebras. 


DEFINITION 2.2.16: Let V be a group interval linear algebra 
over the group G. Let W < V (W a proper subset of V), if W 
itself is a group interval linear algebra over the group G then 
we define W to be a group interval linear subalgebra of V over 
the group G. 


We will illustrate this situation by some examples. 


Example 2.2.55: Let V = {[0, a] | a © Z44} be a group interval 
linear algebra over the group G = Z144. Consider W = {[0, a] /a 
€ {2Z,44}} CV; W is a group interval linear subalgebra of V 
over the group G = Zy44. 


Example 2.2.56: Let V = {({0, a:], [0, a2], [0, a3], [0, a4], [0, as])| 
1, 42, 23, a4, as © Zyg be a group interval linear algebra over the 
group G = Zag. Consider W = {([0, a;], 0, 0, 0, [0, as]) | a1, as € 
Z4g3} C V; W is a group interval linear subalgebra of V over the 
group G = Zag. 


Now we proceed onto define the notion of direct sum of 
group interval linear algebras. 


DEFINITION 2.2.17: Let V be a group interval linear algebra 
over the group G. Let W;, W>, ..., W, be a group interval linear 
subalgebras of V over the group G. We say V is a direct sum of 
the group interval linear subalgebras W), W, ..., W,, if 

(a) V=W,+... + W, 

(b) WiAW, = {0} ifi4j; 1Sijsn. 


We will illustrate this situation by some simple examples. 
Example 2.2.57: Let V = {all 3 x 3 interval matrices with 
entries from Z,4g} be a group interval linear algebra over the 


group G = Zag. 


Let 
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[0,a, | [0,a, ] 0 
Wi= 0 0 [0,43] || 4,,42,43 © Zyg p, 
0 0 0 


0 0 [0,a,] 


W2= 4| [0,a, | 0 0 4 154,,8; © Lys ¢, 
0 [0,a, | 0 
0 0 0 
W3=5|0 [0,a,] 0] ja, Z,, 
0 0 0 
and 
0 0 0 
W4= 0 0 0 4154, € Ly 


[0,a,] 9 [0,a,] 


be group interval linear subalgebras of V over the group G = 
Zag. Clearly V= WwW) alg W> + W;3 ale W, and 
0 0 0 
WiaWw;=|0 0 0 
0 0 0 
ifi4j;l< ij<n. 
Thus V is the direct sum of group interval linear 
subalgebras W;, W2, W3 and W4. 


Example 2.2.58: Let V = {Collection of all 4 x 2 interval 
matrices with entries from Z7} be a group interval linear algebra 
over the group G = Z7. 

Choose 


ee 0 0 i 
W,= 
0 [0,a,] 0 0 


sae, 
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and 


be group interval linear subalgebras of V over the group G. We 
see V = W, + W2+ W3+ W, and 


000 0 


wows=(j 0 0 0 


Jiisiisa 


Thus V is a direct sum of group interval linear subalgebras. 


Let 
p= J[l@al 0 [0,a,] 0 a,eZ, 
‘V0 [0,a,] 0 [0,a,]|| 1<is4|’ 

»_{{% 2 [0,a,] [0,a,]]| a,€Z, 
VO Oa. [0,a,]|| 1<i<4 

p.— {[ [Oa] [0.a.] 0 0 a.eZ, 
> )ho 0 [0,a,] [0.a,]||1<i<4 
a.e€Z, 

1<i<4 


{i 0 [0,a,] ia 
P, = 
[O,a,;] [0,a,] 0 0 


be group interval linear subalgebras of V over the group G = Z7. 
We see P, +P,+ P3;+ Py= V but 


and 
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00 0 0 
PiOP|# 


00 0 0 


if1#j; 1<1;j <4. Thus any collection of group interval linear 
subalgebras may not in general give a direct sum of V. 
In view of this we have the following interesting definition. 


DEFINITION 2.2.18: Let V be a group interval linear algebra 
over the group G. Let W;, W2, ..., W, be n distinct group 
interval linear subalgebras of V over the group G. 


We say V is a pseudo direct sum if 


(a) V=W,+... + W, 

(b) Wi 7 W; 4 £0} even ifi 4] 

(c) We need W;,’s to be distinct that is W; 7 W; #W; or W;.7 
W; = W; even ifiAj i.e, Wi OW; = W, then p € 1, 2, 
.., nj that is W, does not belong to the collection of 
group interval linear subalgebras of V. 


We will illustrate this situation by some examples. 
Example 2.2.59: Let V = {Collection of all 5 x 2 interval 


matrices with entries from Z,,;} be the group interval linear 
algebra over the group G = Z}). 


Consider 
[0,a, ] 0 
0 O,a 
W= 0 : a,eZ, 
i= 9) [0.as] 1<i<s[’ 
0  [0,a,] 
[0,a,] 0 


eal 


[O,a,] [0,a,] 
O.a 0 
W>= : : Gi 8 
2= 9| 10.8; fa 26), 
[0,a,] 0 
[0,a.] 0 
0  [0,a, 
0 O,a 
W3= 41 0 at aes 2 
a 8a] 1 ig 
0 [0,a, 
[0,a, | [0, a, | 
and 
0 [0,a, 
O,a 0 
Ww | ie 0 ae 
. asl cies 
[0,a, ] 0 
0 [0,a.] 


be group interval linear subalgebras of V over G = Z\;. We see 
V=W,+ W2.+ W34+ Wy and Wi W; #0. Ifi # i: Further Wi, 
W>2, W;3 and W, are all distinct. Thus V is a pseudo direct sum of 
Wi, W>, W;3 and Wa. 
Example 2.2.60: Let 


V = {all 4 x 4 interval matrices with entries from Z;3} 


be the group interval linear algebra over group G = Z;3. 
Consider 


a2 


[0O,a,] [0,a,] 0 0 
0 0 0 0 

Wy Ai jAgingdy SLig fs 
[0,a, | [0, a, | [0, as] 0 


0 [0a] 9  [0,a,] 


0 [0,a, ] 0 [0,a, ] 
0 [0,a 0, 
W2= a] [ac] a, €Z,;151<7>, 
0 0 [0,a,] [0,a,] 
0 0 0 [0,a, ] 
[0,a,] [0,a,] 0 0 
0 0 0 0 
W3> a. €Z,;1<i<6 
[0,a, 0 0 [0,a,] 
[0,a,] 0 0 [0,a,] 
and 
[O,a,] [0,a,] 0 0 
W, = [0,a, | 0 [0,a,] [0, a, | 


a, €Z,;1<1<8 
0 0 0 0 


[O,a,] O [0,a,] [0,a,] 
be group interval linear subalgebras of V over the group Z3. 
We see Wi 1 W; # (0) 1f14j 1 <1,j <4 
(a) V=W,+ W.+ W3+ Wa 
(b) Wi 0 W; 4 (0) if14j; 1 <1j <4. 
(c) W,, W2, W3 and W, are all distinct group interval linear 


subalgebras of V over G. 


Thus V is a pseudo direct sum of group interval linear 
subalgebras W;, W2, W3 and W4. 
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We now define linear independence in group interval linear 
algebras. 


DEFINITION 2.2.19: Let V be a group interval linear algebra 
over the group G. Let X CV be a proper subset of V, we say X is 
a linearly independent subset of V if X = {x}, ..., Xnf (where x; = 
[0, a], 1 Si <n) and for some n; € G; 1 Si Sn; ajx; + Q>x2 + 
we + G&pXn = 0 ifand only if each a; = 0. 

A linearly independent subset X of V is said to generate V if 
every element of v € V can be represented as 


n 
v= pane eG;lSisn. 
i=] 


We will illustrate this situation by some examples. 


Example 2.2.61: Let V = {([0, ai], [0, a2], [0, a3], [0, a4]) | ai € 
Zs, 1 <1 <4} bea group interval linear algebra over the group G 
= Zs. Consider X = {x, = ([0, 1], 0, 0, 0), x2 = (0, [0, 1], 0, 0), x3 
= (0, 0, [0, 1], 0) and x, = (0, 0, 0, [0, 1]) c V. X is a linearly 
independent set and generates V over G so X is a basis of V 
over G. 


Example 2.2.62: Let V = {set all 4 x 2 interval matrices with 
entries from Z\} be a group interval linear algebra over the 
group G. 


Consider 
[0,1] O}|0 [0,1] 0 O 
0 O;;0 O [0,1] 0 
xX = > b) > 
0 O;;0 O 0 O 
0 O;;0 O 0 O 
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0 0 0 0 
0 [0,1]}) 0 O 
0 O |} [0,1] O}’ 
0 0 0 O 
0 0 0 O|]/0 oO 
0 0 0 O;|0 O 
) 5 cV; 
0 [0,1]/| 0 OF7|0 O 
0 O |J[0,1] 0} |0 [0,1] 


X is a linearly independent set and generates V; hence X is a 
basis of V. 


Here also we cannot define the notion of pseudo semigroup 
interval linear subalgebras of a group interval linear algebra. 


However we can define the notion of pseudo group interval 
vector subspace of a group interval linear algebra. 


DEFINITION 2.2.20: Let V be a group interval linear algebra 
over the group G. If P is just a subset of V and is not a closed 
structure but is a group interval vector space over the group G, 
then we call P to be a pseudo group interval vector subspace of 
V. 


We will illustrate this situation by an example. 


Example 2.2.63: Let 


[O,a,] [0,a,] 
V=4/[0,a,] [0,a,]||}a,¢eZ,;1<1<6 
[O,a;] [0,a,] 


be a group interval linear algebra over the group Z7. 


BS, 


Consider 


[Oa] O | 7/0 [0,a,]} | [0,a,] [0,5] 
W=4/[0,a,] 0 |,)0 [0,a,]],] 0 0 |p cV; 
[0,a,;] [0,a,]][0 0 |][0,a,] 0 


W is a pseudo group interval vector subspace of V over the 
group G. 

Now we will define in the next chapter the notion of fuzzy 
interval linear algebras. 
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Chapter Three 


SET FUZZY INTERVAL LINEAR 
ALGEBRAS AND THEIR PROPERTIES 


In this chapter we introduce the notion of set fuzzy interval 
linear algebras, semigroup fuzzy interval linear algebras and 
group fuzzy interval linear algebras and study their properties. 
This chapter has two sections. First section introduces set fuzzy 
set vector spaces and discusses their properties. Section two 
introduces the notion of set fuzzy interval vector spaces of type 
II and analyses their properties. 


3.1 Set Fuzzy Interval Vector Spaces and Their Properties 


In this section we introduce the notion of set fuzzy interval 
vector spaces and give a few properties associated with them. 


aT 


DEFINITION 3.1.1: 4 fuzzy vector space (V, n) or n V or Vn is 
an ordinary vector space V defined over the field F with a map 
n:V > [0, 1] satisfying the following conditions. 


(a) ma + b) = min {n(a), H(b)} 
(b) ™(~a) = n(a) 

() nO=1 

(d) ra) 2 na) 


for alla, b € Vandr €F, where F is the field. Vn or Vn or 
nV will denote the fuzzy vector space. 


For more about these notions refer [53]. 


DEFINITION 3.1.2: Let V be a set vector space over the set S. 
We say V with the map n is a fuzzy set vector space or set fuzzy 
vector space if n: V > [0, 1] and n(ra) = n(a) for all a € V and 
r €S. We call Vn or nV or Vn to be the fuzzy set vector space 
over the set S. 


For more about these notions please refer [52]. 


Likewise we define a set fuzzy linear algebra (or fuzzy set linear 
algebra) (V, n) or Vy or nV to be an ordinary set linear algebra 
V with a map n : V > [0, 1] such that n(a + b) > min (n(a), 
n(b)) for a,b € V. 


Notation: We say an interval [0, a] to be a fuzzy interval if 0 <a 
< 1. [0, 0] = (0) and [0, 1] is the fuzzy set. We include both in 


ihe fuse interval: 10,241.10, 03) (0. === 1910 0.00311 clears 


J2 
fuzzy intervals. 
We will denote the collection of all fuzzy intervals by I [0, 
1] = {[0, a] | 0 < a < 1}. Clearly the cardinality of I [0, 1] is 
infinite. 


Now we proceed onto define fuzzy set interval vector space or 
set fuzzy interval vector space over the set S. 
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DEFINITION 3.1.3: Let V be a set interval vector space over the 
set S. We say V with the map n is a fuzzy set interval set vector 
space or set fuzzy interval vector space if 1, : V >I [0, 1] and 
[, (r[0, a}) > I, ([0, a]) for all [0, a] e Vandr €S. We call VI, 
or I,V to be the fuzzy set interval vector space over the set S. 


We will illustrate this situation by some examples. 


Example 3.1.1: Let V = {[0, ai], [0, a2], [0, a3], [0, aa], [0, as)] | 
a, € Zs, 1 <i <5} bea set interval vector space over the set S = 
{0, 1, 2, 3}. In: V > I [0, 1] is defined as follows. 


(esEG a, #0 
1, ((9, ai]) = a; 
[0,1] ifa, =0. 


Vin 1S a Set fuzzy interval vector space. 


Example 3.1.2: Let V = {[0, ai] | a; ¢ Z’ U {0}} bea set interval 
vector space over the set S = {0, 1, 2, 3, 4, 5, 8}. Define I, : V 
— I [0, 1] as follows: 
(ee if a, #0 
I, [0, ai] = a; 
[0,1] if a, =0. 


I,v is a fuzzy set interval vector space. 


Example 3.1.3: Let 
[9, a, ] 


[0,a,] 


v= a,€Z,,;1<i<9 


[0, a, ] 


be a set interval vector space over the set S = {0, 1, 3, 5, 7} c 
Zs. Define In : V > I [0, 1] by 
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(0, Jif a, #0 
In [0, ai] = a; 3 
[0,1] if a, =0. 


InV is a set fuzzy interval vector space. 


DEFINITION 3.1.4: Let V be a set interval linear algebra over 
the set S. A set fuzzy interval linear algebra (or fuzzy set 
interval linear algebra) (V, nl) or Vnl is amap nl: V >I [0, 1] 
such that nl(a + b) = min(nl(a), nl(b)) for every a, b € V. 


We will illustrate this situation by some examples. 


Example 3.1.4: Let 


V= pacar 


i=0 


a,EeZuU | 


be a set interval linear algebra over the set S = {0, 1, 2, 5, 7, 13, 
16}. 
Define nl : V > I [0, 1] as 


n 


nl (p(x) = 5210, a; ]x' ) 


i=0 

Oe 

=  degp(x) 
[0,1] if p(x) is a constant 


] — if p(X) is not a constant 


VI is a set fuzzy interval linear algebra. 


Example 3.1.5: Let V = {([0, ai], [0, a2], [0, a3], [0, a4]) | ai € 
Zi3; | <1 < 4} be a set interval linear algebra over the set S = 
{0, 4, 5, 9} CZs. Define nl: V > I [0, 1] by 


Oy ee a, #0 
nI([0, ai]) = a; 
[0,1] ifa, =0. 


V1 18 a set fuzzy interval linear algebra. 


60 


Example 3.1.6: Let 


where a; € Z’ U {0}} bea set interval linear algebra over the set 
S = 32°, 2Z°,0} Zu {0}. 
Define nl: V > 1 [0, 1] by 


10,4] if a, #0 
[0,—] ifa,+#0 anda, =0 
O,a O,a 
nl f | )- es if a, #0 and a, =0=a, 
a 


[0,—] ifa,#40 anda, =a, =a, =0 


[0,1] ifa,=a, =a, =a,=0 


Vy 1S a fuzzy set interval linear algebra. 
Now we proceed onto define set fuzzy interval substructures. 


DEFINITION 3.1.5: Let V be a set interval vector space over the 
set S. Let W be a set interval vector subspace of V over the set S. 

The map In: W > 1 [0, 1] such that Wnl is a set fuzzy 
interval vector space, is called the set fuzzy interval vector 
subspace of V and is denoted by In or Nw. 


We will illustrate this situation by examples. 
Example 3.1.7: Let V = {({0, a], [0, a2], ..., [0, aiz]) | ai © Zi; 


1 <i < 12} bea set interval vector space over the set S = {0, 2, 
4, 16} c Zig. Let W = {([0, ai], [0, ao], ..., [0, arz]) ai € 2Zi8; 
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{0, 2, 4, 6, 8, 10, 12, 14, 16} Cc Zig; 1 <1 < 12} be a set interval 
vector subspace of V over S. 


Define nl : W > I[0, 1] by 


1 


1 
[(0,—] ifno a. =0 
12 


nl ((0, ai], [0, a2], ..., [0, arz]) = (0 if some a, =0 
[0,1] ifall a,=0 


(W, n]) is the set fuzzy interval vector subsubspace of V. 


Note: It is important and interesting to note that WnI need not 
be extendable to Vy in general. 


Example 3.1.8: Let V = {([0, a;], [0, az], ..., [0, as)] | a € ZU 
{0}; 1 <1< 8} be a set interval vector space over the set S = {0, 
5, 12, 13, 90, 184, 249, 1000} < Z U {0}. Choose W = {([0, 
ai], [0, az], ..., [0, as] | a € SZ” U {03} CV be a set interval 
vector subspace of V over the set S. 

Define nl : W > I [0, 1] by 


1 
(0, 
nl@xy= 4 2a 


[0.1] if Xa, =0 


] if Xa, #0 


(W, m1) is a set fuzzy interval vector subspace. 


Example 3.1.9: Let 

[0,a, ] 

[0,a,] }, (0, ai], [, a2], [0, as], [0, a4]) 
[0, a5] 


where a; € Z 4} be a set interval vector space over the set S = 
{0, 1, 2, 5, 6, 20, 21} C Zo4. W = {[0, ai] | aj © Zo4} Cc V be a set 


V = {[9, ai], 
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interval vector subspace of V over Z.4. Define nl: W > I [0, 1] 
as follows. 


(ese a, #0 
nl ([0, ai]) = a; 
[0,1] ifa,=0 


(W, n]) is a set fuzzy interval subspace of V. Clearly nI cannot 
be extended to whole of V. 


Suppose 
O,a 
T a, eZ, 
0,22] 1<i<3 
[0,a, 


be a set interval vector subspace of V. 
Define nl : T > I [0, 1] by 


0,24 if a, #0,1=1,2,3 
(0,a,] : 
ni | [0,a,]| = 5[0, zs if atleast one of a, #0,1<1<3 


[9, a; ] [0,1] ifa,=0,1<i<3 


(T, nI) is a fuzzy set interval vector subspace of V. Clearly nl 
cannot be extended to whole of V. 


DEFINITION 3.1.6: Let V be a set interval linear algebra over 
the set S. Suppose W CV be a set interval linear algebra of V 
over the set S. Suppose nl : W > 1 [0, 1] is such that (W, nl) or 
HIW is a fuzzy set interval linear algebra then we define (W, nl) 
to be a fuzzy set interval linear subalgebra of V. 


We will illustrate this situation by some examples. 
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Example 3.1.10: Let 
ye ha 4 
[0,a,] [0,a,] 


where a, € Z’ U {03; 1 <i < 4} bea set interval linear algebra 
over the set S = {0, 2, 5, 8, 11, 16} CZ’ U {0}. 


Let 
ee Ga se 
0 [0, a, | 


where a, € ZU {0!; 1 <i <3} CV bea set interval linear 
subalgebra of V over the set S. 


Define nl: W > I [0, 1] as follows. 


1 

[0,a, ] [0,a, ] [0, ] if a, =e a, ie a; = 0 

I = a,+a,+a, 
0 [0,a5] 

[0,1] if O=a, =a, =a, 


(W, nJ) or nI W is a set fuzzy interval linear subalgebra of V. 


Example 3.1.11: Let 


[0,a,] 

[0,a,] 

[0,a;] 

a, €Z,;15156 
[0,a,] 

[0,a.] 

[ 


0,a, | 


be a set interval linear algebra over the set S = {0, 2, 1,3} CV. 
Choose 
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[0,a,] 
0 
[0,a,] 
W= 0 a, €Z,3;151537 CV 
[0,a.] 
0 


be a set interval linear subalgebra of V. 
Define nl: W > I [0, 1] by 


ieee 
[0,—] if a, #0; a, =a, =0 


a 
[0,a, ‘ 
0 [0,—] if a, #0;a, =O=a, 
a 
0,a : 
mapa d 
0 [0,—] if a, #0; a, =O=a, 
a 
[0, a, | : 
0 ia if a, #0; 1<1<3 or any two nonzero 


[0,1] if a, =0;i=1,2,3 


(W, n1) is a fuzzy set interval linear subalgebra of V. 


Now we proceed onto define the notion of semigroup fuzzy 
interval vector space. 


DEFINITION 3.1.7: Let V be a semigroup interval vector space 
defined over the semigroup S. (V, nl) or Vu, the semigroup 
fuzzy interval vector space is amap HI: V >I [0, 1] satisfying 
the following condition: 

nl(ra) = nI(a) 
foralla €Vandr éES. 


We will illustrate this situation by some simple examples. 
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Example 3.1.12: Let V = {[0, a]| a € Zj24} be a semigroup 
interval vector space over the semigroup S = Z4. 
Define nl: V > I [0, 1] as 


1s 
Soran (0,—] ifa#0 
[0,1] ifa=0 


(V, nJ) is a fuzzy semigroup interval vector space or semigroup 
fuzzy interval vector space. 


a 
[0,a, ] 
([0, a1], [0, ao], [0, as], [0, aa]) | ai e ZU {0}; 1 <i <4} bea 


semigroup interval vector space over the semigroup S = Z” U 
{0}. Define nl: V > 1 [0, 1] as 


[0,a,] 0, | #a,+a, 20 
nl coe = aes 


[0,1] if a, =a, =0 


Example 3.1.13: Let 


and 


nl ([0, ai], [0, a], [0, a3], [0, a4]) = 


f 
G 


[0,1] ifa,=0; i=1,2,3,4 


2 | 


— 


ifa, 40; 1=1,2,3,4 


if atleast one of a, #0; 1<1<4 


N |r 


(V, nl) or nIV is a fuzzy semigroup interval vector space or 
semigroup fuzzy interval vector space. 
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Example 3.1.14: Let 


[0,a,] [0,a,] 
[0,a, ] 
7 [0,a,] [0,a,] ((0 ‘ F a, €Z,,; 
_ a 
[0,a.] [0,a,] ’ Aalst 2 21), [ 5a, | 1<i<8 
[0,a,] 
[O,a,] [0,a, | 


be a semigroup interval vector space over the semigroup Z)3. 
Define nl : V > 1 [0, 1] as follows: 


[0, a] [0, a, | 1 
[0,a,;] [O,a,] 0,—| if atleast onea, #0 
nl a 5 
[9,a;] [0,a,] 
[0,1] if alla, =0; 1<i<8 
[0, a, | [0, a. | 


of if a, #O0anda, =0 


nl (([0, ai], [[9, az]) = 


o2| if a, #0 anda, =0 
a 


Jia, +omda, +0 


[0,1] ifa,=a,=0 

and 
[0,a, ] 
n| | [0,a,] 
[0,a,] [0,1] if a, =0;1=1,2,3 


Ls fo, ;| if atleastone of a, #0 1<1<3 


(V, n) or nIV is a fuzzy semigroup interval linear algebra or 
semigroup fuzzy interval linear algebra. 
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Now we proceed onto illustrate only by examples fuzzy 
semigroup interval linear algebras and leave the simple task of 
defining semigroup fuzzy interval linear algebras to the reader. 


Example 3.1.15: Let 


[0,a, ] [0,a, | 
V = 3|(0,a;] [0,a,]]|a,¢Z* VU {0}; 1 <i<6 
[0,a;] [0,a,] 


be a semigroup interval linear algebra over the semigroup S = 
ZV {0}. 
Define nl : V > I[0, 1] as follows: 


[0,a,] [0,a,] 
nl =|} [0,a,] [0,a,]| | = 
[O,a;] [0,46] 


1 : 
0, if atleastone of a,+a,+...ta, #0 
a,+a,t+...4a, 


[0,1] if a, =a, =...=a, =0 


(V, nl) or nl V is a fuzzy semigroup interval linear algebra or 
semigroup fuzzy interval linear algebra. 


Example 3.1.16: Let 


V= ee a 
[0,a,] [0,a,] 
be a semigroup interval linear algebra over the semigroup Z7. 
Define nl : V > I [0, 1] as follows: 


sez, 1sis4| 
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jo ifa, #0 
(have Sie] _ 
nl = l 
[0,a, ] [0,a, | o4| if a= 0 
a, 
[0,1] if a,=0,i=1,2 


Vy is a semigroup fuzzy interval linear algebra. 


Example 3.1.17: Let 


V= pacar 


i=0 


a eQu | 


be a semigroup interval linear algebra over the semigroup S = 
Z we iO}. 
Define nl : V > I [0, 1] as follows: 


nl [S.a18'] - 


i=0 


0 | if the degree of the interval polynomial is 
8 


greater than or equal to three 


[0,1] if the degree of the polynomial is less than 
three this includes zero polynomial 


(V, nl) is a semigroup fuzzy interval linear algebra. 

As in case of semigroup interval vector spaces we can 
define in case of semigroup interval linear algebras the concept 
of fuzzy semigroup linear subalgebras. 


We just illustrate this situation by examples. 
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Example 3.1.18: Let 


[0,a,] [0,a,] [0,a,] 
V=4|[0,a,] [0,a,] [0,a,]] ja; ¢Z,;1<1<9 
[O,a,] [0,a,] [0,a,] 


be a semigroup interval linear algebra defined over the 
semigroup S = {0, 2, 4, 6}, under addition modulo 8. 


Consider 


[0,a,] [0,a,] [0,a,] 
W= 0 [0,a,] [0,a;]| Ja, €Z,;l<i<6; CV; 


0 0 [0,a, | 


W is a semigroup interval linear subalgebra of V. 
Define nl: W > I [0, 1] 


1 
fo. if a, #0 
a, 
al 
o4| ifa, #0if a, =0 
[0,a,] [0,a,] [0,a,] 2 
I 0 O.a O,a = 
a Mag] 1,33] jee if a, #Oif a, =a, =0 
0 0 [0,a,] a, 
Pils 
ot jira 4 0if a,=a,=0 


[0,1] if a, =0,1=1,2,...,6 
(W, nl) is a semigroup fuzzy interval linear subalgebra. 


a; <7} 


Example 3.1.19: Let 
25 


v= [Sito 


i=0 
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be a semigroup interval linear algebra defined over the 
semigroup S = {0, 10, 20, 30} € Zap. 


W= {Sto 


i=0 


1,<Z| cV 


be a semigroup interval linear subalgebra of V over S. 
Define nl : W + I [0, 1] as follows: 


nl {pt = S10. | - 


[0, a, ] corresponds to the coefficient interval 
+} of the highest degree of x in p(x) 


[0,1] if p (x) is a constant polynomial 


(W, I) is a fuzzy semigroup interval linear subalgebra. 


Example 3.1.20: Let V = {[0, a] | aj €© Z U {03} be a 
semigroup interval linear algebra over the semigroup S = {3Z" 
U {03}. Consider W = {[0, ai] | aj € SZ” U {03} CV, Wisa 
semigroup interval linear subalgebra over the semigroup S = 
377 U {O}}. 

Define nl: W > I [0, 1] as follows: 


fo if a; #0 
MI ([0, ai])= 4h 
[0,1] if a,=0 


(W, n1) is a fuzzy semigroup interval linear subalgebra. 
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Now we can define for group interval vector spaces the 
notion of group fuzzy interval vector spaces or fuzzy group 
interval vector spaces. 


DEFINITION 3.1.8: Let V be a group interval linear algebra 
defined over the group G. 
Let nl: V >I [0, 1] such that 
n (a+ b) 2min {n(a), n(b)} 
n(—a) = (a) 
WOK 

m(ra) 2 (a) 

for alla, b €Vandr €G. 
We call Vy or (V, nl) to be the group fuzzy interval linear 

algebra. 


We will illustrate this situation by some examples. 


Example 3.1.21: Let V = {([0, a:], [0, a2], [0, a3], [0, a4]) | ai € 
Z49; 1 <i < 4} be a group interval linear algebra over the group 
G = {0, 10, 20, 30} C Zyo. 

Define n I: V > I [0, 1] as follows: 


os if a, #0 
nl ([0, ay], [9, a], [9, a3], [0, a4]) = a, 
I 


[0,1] ifa,=0 


(V, nJ) is a group fuzzy interval vector space. 


a. <2, 


be a group interval linear algebra over the G = Z;,. Define nI : 
V > 1[0, 1] as follows: 


Example 3.1.22: Let 


V= [0,a, ]x' 
i=0 
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ae 
nl (p(x) = 4L | deg(p(x)) 
[0,1] if degp(x) =0 


(V, nI) is a fuzzy group interval vector space; or group fuzzy 
interval vector space. 


Example 3.1.23: Let 


[0,a,] 

0, 

9,821 a, €Z,,;1<1<4 
[0,a, ] 

[ 


0,44] 


be a group interval linear algebra over the group G = Z);. Define 
nl: V > 1([0, 1] as follows: 


0,a,] 
0,a, | 
0,a; | 
0,a,] 


nl . 
ifa, #0if a, =a, =0 


ges eee ees | 
II 

LS Le _ 
= 
Pe 


its + Oif a, =a, =a, =0 
[0,l]if a, =0,1<i<4 

(V, nI) is a group fuzzy interval linear algebra. 

The concept of group fuzzy interval linear subalgebra and group 


fuzzy interval vector subspaces is left for the reader to define in 
an analogous way. However we give examples of them. 
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Example 3.1.24: Let 


[0,a, ] [0,a, ] 
V=4 |[0,a,] [0,a,]] la, €Z,,,1<i<6 
[0, a, ] [0,a, | 


be group interval vector space. 
Define nl : V > I [0, 1] as follows: 


[0,a,] [0,a, ] C 1 fsise 
nl || (0,a;] [0,a,]}| = max {a, } 
Gas] [Oal) (Oita H0t=1,9; 0,6 
That is if 
[0,8] [0,17] 
x={[0,4] [0,1] |} eV 
[,2] [0,19] 
then 


ooh gate 
nl (x) = {lz} 


Thus (V, nI) is a group fuzzy interval vector space. 
Take 


[9,a,] 0 
W=4|[0,a,] 0| la, eZ,,,1<is3} CV. 
[0,a,] 0 


W is a group interval vector subspace of V over the group G = 
ZI. 
nl: W 1 [0, 1] is defined as follows: 
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nl |[0,a,] 0| = : 
[0,a,] 0} |[01] ifa,=0 


0,a,] 0 
we ot fire, x0 


Clearly (W, nI) is a fuzzy group interval vector subspace of V. 


Example 3.1.25: Let V = {Collection of all 10 x 12 interval 
matrices; ([0, a;]) with entries from Z3.¢ that a; € Z36; 1 <1 < 20} 
be a group interval vector space over the group G = Z3.. 


W = {([0, a;]) demotes all matrices with entries from 2Z3¢}. 
Define 


oi 
nl ([0, ai]) = 4| ’ max {a,} 
[0,1]if a, =0,i=1,2....,36 


jrsisae a, € 22, 


(W, n1) is a group fuzzy interval vector subspace. 


Example 3.1.26: Let V = {All upper triangular 4 x 4 interval 
matrices constructed using Z)3} be the group interval vector 
space over the group G = Z};3. 

Let W = {all 4 x 4 diagonal interval matrices with entries 
from Z,3} ¢ V; W is a group interval vector subspace of V over 
the group G = Z)3. 

Define nl: W > I [0, 1] as follows. 


[0,a,] 0 0 0 
0 [0,a,] 0 0 ot 


I =<| | 
ul 0 0 [0,a,] 0 max {a, } 


0 0 0  [0,a,] [0,1]if a, =0,1<i<4 


(W, I) is a group fuzzy interval vector subspace. Suppose 


TS 


[0,3] 0 0 0 
0 [0,7] 0 0 
0 0 [0,11] 0 
0 0 0 [0,1] 
then 


We see in case of group interval linear algebras or group 
interval vector spaces we cannot use groups other than Z,, under 
addition modulo n. As Z or Q or R cannot be used since all the 
intervals we use are of the form [0, aj]. 0 < a;. 

Now having seen fuzzy set interval vector spaces, fuzzy 
semigroup interval vector spaces and group fuzzy interval 
vector spaces we proceed onto define another type of fuzzy set 
interval vector spaces, fuzzy semigroup interval vector spaces 
and fuzzy group interval vector spaces by constructing directly 
and not using set interval vector spaces, semigroup interval 
vector spaces or group interval vector spaces. These we call as 
type II set fuzzy interval vector spaces and so on. Those fuzzy 
interval vector spaces constructed in section 3.1 will be known 
as type I spaces. 


In the following section we define type II fuzzy interval spaces. 


3.2 Set Fuzzy Interval Vector Spaces of Type II and Their 
Properties 


In this section we proceed on to define set fuzzy interval vector 
spaces of type II, semigroup fuzzy interval vector spaces of type 
II and group fuzzy interval vector spaces of type II using fuzzy 
intervals recall I [0, 1] = {all intervals of the form [0, aj]; 0 < a;< 
1}; known as fuzzy intervals. 


DEFINITION 3.2.1: Let V = {/0, a;]| 0 sa; <1; [0, aj] EI [0, 1]}. 
Let S be a set such that for each s € S and v € V, sv and vs are 
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in V. We then call V to be a set fuzzy interval vector space of 
type I. 


We will illustrate this by some examples. 


Example 3.2.1: Let V = {[0, ai]| 0 < a; < 1} be a set fuzzy 
interval vector space over the set S = {0, 1, 4, 10s ce 2, 


1 
Here for any v = [0, aj] and s = 5 (r <n) we have 


SV = 0,3 = vs 
DF 


and sv € V. Thus V is a fuzzy set interval vector space of type 
II over the set S. 


Example 3.2.2: Let 


[0,a, ] 


[0, a, ] 


V= ([0,a,] [0,a,] [0,a,])}O<a,<L1<i<5 


[0,a5 ] 


be a fuzzy set interval vector space of type II over the set S = 
{0, 1, 1/5, 1/10, 1/121, 1/142}. 


Example 3.2.3: Let 


[0,a,] [0,a,] 
[0,a;] [0,a,] 
V=4/[0,a5] [0,a,] |,([0,a,] [0,a,] [0,a,] [0,a,] [0,a,]) 
[0,a,] [0,a5] 
[0,a,] [0,a,,] 
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[0,a,] [0,a,] 
[0,a;] [0,a,] 


osa,siisisio| 


be a set fuzzy interval vector space over the set 


s- lz 
an 


Example 3.2.4: Let 


ve [0,a, ]x’ 
i=0 


n= Odd. 


oa, <1| 


be a set fuzzy interval vector space over the set S = {0, 1, 1/3, 
1/7, 1/5, 1/11, 1/13, 1/19, 1/17, 1/23} of type IL. 


Now we define substructures of set fuzzy interval vector space. 


DEFINITION 3.2.2: Let V be a set fuzzy interval vector space 
over the set S of type II. 

Let W CV, if Wis a set fuzzy interval vector space over the 
set S of type II, then we define W to be a set fuzzy interval vector 
subspace of V over the set S of type II. 


We will illustrate this situation by examples. 


Example 3.2.5: Let 
[0, a, ] 
Gx hee ee a 


O<a. <Lb1<i<4 
[O,a,] [0,a,] 


0,a,] ' 
[0,a,] 


be a set fuzzy interval vector space of type II over the set 


S= {a8 
a0 


N=Od2oon4lp 


Let 
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W = ee | 
[0,a,] [0,a,] 
W is a Set fuzzy interval vector subspace of type II over the set 


S= {Oz 
oF 


Example 3.2.6: Let 


Osa, shisis4| CV; 


N=O2oon4l) 


be a set fuzzy interval vector space of type II over the set S = 
{0, 1/3, 1/37, ..., 1/3’. 


0 
[9,a, ] 
W= 0 a,,a, €[0,l]-> CV; 
[9,a, | 

0 


W is a Set fuzzy interval vector subspace of type II of V over the 
set S. 


We give the definition of yet another substructure. 
DEFINITION 3.2.3: Let V be a set fuzzy interval vector space 


over the set S of type II. Let W <V be a proper subset of V and 
P CS bea set fuzzy subset S. W be a set fuzzy interval vector 
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space of type II over the set P, we call W to be a subset fuzzy 
interval vector subspace of V of type II over the subset P of S. 


We will illustrate this situation by some simple examples. 


Example 3.2.7: Let 


{ee [0,a, / P | 
V= a, €[0,1],l<i<4 
[O,a;] [0,a,] 


be a set fuzzy interval vector space over the set S = {0, 1, 1/2", 
1/3";n=1, 2, ..., 12} of type II. Let 


ae the a 
0 [0,a,] 


and P = {0, 1, 1/2"|n=1, 2, ..., 12} cS. W is a subset fuzzy 
interval vector subspace of V of type two over the subset P of S. 


O<a, <1; 
i=1,...,6 


be a set fuzzy interval vector space of type II over the set 


0 <a,,a,,a, «| coms 


Example 3.2.8: Let 


vag OT (t,0,J10,a,110,a,][0,2,][0,a,](0 
=H oa, jf lCetr HO aaa 10.0, 10.0.1 sal) 


S = {0, 1/2", 1, 1/3", 1/5", 1/7"| 1 <m<8,1<n< 12}. 


Cc V 


and P = {0, 1, 1/7" |1 <n< 12} CS. W isa subset fuzzy interval 
vector subspace of V of type II over the subset P of S. 


w= eal ({0,a,] 0 [0,a,] 0 [0,a,] 0) 
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Example 3.2.9: Let 


[0,a,] [0,a,] 

[0,a,] [0,a,]}|[0,a,] [0,a,] [0,a,] [0,a,]|/O<a, <1; 
[0,a;] [0,a,] ee [0,a,] [0,a,] ten 
[0,a,] [0,a,] 


be a set fuzzy interval vector space of type II over the set 


S= {0.2 nez'} 
n 
Choose 


w= {[la) (0.a,] [0a] [0,a,] 
[O,a;] [0,a,] [0,a,] [0,a,] 


O<a, ciasiss| cV 
is a subset fuzzy interval vector space of type II over the subset 
p= {oe 
4n 
Example 3.2.10: Let 
ge. Eaeree| 
[0,a,] [0,a,] 


be a set fuzzy interval linear algebra over the set 


S= {yr 
oe 


(the operation on V is max, 1.e., if 


nez'} cSofV. 


054 shisisd| 


n= 0d,2onceh 


x= [Oe Baal) dy [Obl EPs) 
[0,25] [0,4] [0,b,]  [0,b,] 
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are in V then 
ena i max(a,,b,)]  [0, es] . 
[0,max(a,,b,)] [0,max(a,,b,)] 


Thus max (x, y) denoted by x + y is an associate closed 
commutative operation on V). 
Choose 


W = [0, a, ] [0, a, | 
0  [0,a,] 
W is a subset fuzzy interval vector subspace of V defined over 


the subset 
1 
R = {a 


Now we proceed onto define set fuzzy interval linear algebra 
formally. 


Isisn0se,sI cV; 


nez'| eS: 


DEFINITION 3.2.4: Let V be a set fuzzy interval vector space 
over a set S. If on V is defined a closed associative binary 
operation denoted by ‘+’ such that s (a + b) = sa + sb; for all s 
€ S anda, b &€ V. Then we define V to be a set fuzzy interval 
linear algebra of type II. 


We will illustrate this by some simple examples. 


Example 3.2.11: Let V = {[0, ai] | 0 < a; < 1} be a set fuzzy 
interval linear algebra over the set 
ne z| ; 


S= [peo 
ok 


V is closed under max operation that is for [0, a] and [0, b] in V 
we have [0, a] + [0, b] =[0, max {a, b}]. 
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Example 3.2.12: Let V = {collection of all 3 x 5 interval fuzzy 
matrices with entries from I [0, 1]} be a set fuzzy interval linear 
algebra over the set 


S= {2.0 
n 


Example 3.2.13: Let 


V= Zio 


i=0 


n= h2Bonp 


04,51] 


be a set fuzzy interval linear algebra over the set 


S= {oz = 12. 
Des 


We will define set fuzzy interval linear subalgebra. 


DEFINITION 3.2.5: Let V be a set fuzzy interval linear algebra 


over the set 
S= {20 n= hdd. 
n 


Choose W CV; suppose W be a set fuzzy interval linear algebra 
over the set S; we define W to be set fuzzy interval linear 
subalgebra of V over S of type II. 


We will illustrate this situation by some examples. 


Example 3.2.14: Let 
V = fee ne 
0, a; ] [0, a, ] 
be a set fuzzy interval linear algebra with max operation defined 


over the set 
1 
S = JO = 1 22s es 
2n+1 


oa shisiss} 
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Choose 
ile {*s nel 
0 [0,a, | 


W is a set fuzzy interval linear subalgebra of V over the set S. 


1sis2050,sI ey; 


Example 3.2.15: Let 
[9, a, ] 

[0, a, ] 

9,43] O<a, <L1<i<6 
[0,a,] ; 

[0,a, ] 

[0,a, | 


be a set fuzzy interval linear algebra over the set 


S= : ,0 
3n+1 


n= don. 


Let 


be the set fuzzy interval linear subalgebra over the set 


S= a, 
3n+1 


n= O12] of V. 


84 


DEFINITION 3.2.6: Let V be a set fuzzy interval linear algebra 
over the set S. Suppose W CV, if W is a set fuzzy interval linear 


algebra over the subset P of S, then we define W to be subset 
fuzzy interval linear subalgebra of V of type II over the subset P 
of S. 


We will illustrate this situation by an example. 


Example 3.2.16: Let 


vo [0,a,]| |O<a,; <1 
[0,b,]| |O<b, <1 
be a set fuzzy interval linear algebra over the set 


S= [on n =12,-f 
n 


with min operation on V. That is min {[0, aj], [0, b;]} = [0, min 
{a;, b;}]. Choose 


ft 


is a Subset fuzzy interval linear subalgebra over the subset 


p= [oe 
4n 


We as in case of usual set vector spaces and set interval vector 
spaces define set fuzzy interval vector space _ linear 
transformation. 


054! cV 


n =12,.0f cSofS. 


We will illustrate this by some examples. 
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Example 3.2.17: Let 


ye lee We ss cisis4| 
[0,a, | [0,a, | 


and 

[0,a, ] 
[0,a, ] 
[0,a, ] 
[0,a, | 


O<a, <blsi<4 


be set fuzzy interval linear algebras defined over the set 


S= a, |e eae a 
2n-1 


Define Tr : V > W as 
0,a, | 


[ 
[0,a,] ee _| (0.a,] 

[ 

[ 


Tr(A) = Tr= 
Ase [ie [0,a,] 0,a;] 


0,4, ] 
for every A in V. Ty is a set linear transformation of V into W. 
Note as in case of vector spaces we see in case of set fuzzy 
interval vector spaces define linear transformation over the 


same set. 


Example 3.2.18: Let 


[0,a,] 
V= 4|[0,a,]| ]O<sa, <L1<sis3 
[0,a;] 


and 
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WwW = las [0,a, | a 
[0,a,] [0,a;] [0,a,] 
be set fuzzy interval linear algebra defined over the same set 


S= {oz n =1.2.nf 
2” 


Define T; : V > W by 


oa shisiso} 


LO, 0 0 0 
elias -[ a] [0,25] sil 
[0,a,] [0,a,] [0,a,] 
[O,a, 


Ty is a linear transformation of V into W. 

We define a special fuzzy semigroup S as follows: 

Let S =I [0, 1] = {[0, aj] | O < a; < 1}. On S define an 
associative closed binary operation * so that S is a semigroup. 
We call (S, *) a special fuzzy semigroup. 

Throughout this chapter by a fuzzy interval semigroup we 
mean a semigroup constructed using fuzzy intervals. 


DEFINITION 3.2.7: Let V be a set whose elements are 
constructed using fuzzy intervals from I [0, 1]. S any additive 
semigroup with I. We call V to be a fuzzy interval semigroup 
vector space of level two or type II if the following conditions 
hold good. 

(a) sv €V foralls Ee Sandy eV. 

(b) 0.v =0 €V forallv eV and 0 €S; 0 is the zero vector 

(c) (8, + 82) V=s8;v + sov for all s;, 5) Ee Sandv eV. 


We illustrate this by the following examples. The terms type II 
and level two are used as synonym. 


Example 3.2.19: Let V = {[0, ai] | 0 < a; < 1} be a semigroup 
fuzzy interval vector space of level two over the semigroup 
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under multiplication. 
Let 


[0,a, ] 
V=4{[0,a,]],((0.a,] [0,a,] [0,a,] [0,a,] [0,a,]) 
[0, a, ] 


be a semigroup fuzzy interval vector space of level two over the 
semigroup 


1 


1 
S, 0) = 0,1,—,— 
(S, 0) 5h 3m 


mneZ| 


under ‘o’ the max operation that is 


Example 3.2.20: Let 


[0,a, ] ee [0,a,] [0,a,] a 1<i<8 
W= 4 | [0,45] |, 
[0 a ] [0,a,] [0,a, | [0, a, ] [0,a, ] O<a, <] 


be a semigroup fuzzy interval vector space of level two over the 
semigroup 


S= Le m,ne z| under min operation. 
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Example 3.2.21: Let V = 


[0,a,] [0,a,] 
[0,a,] [0,a,]| ([0,a,] [0,a,] [0,a,] [0,a,] [0,a5] Osa; <1 
[0,a;] [0,a¢] ie [0,a;] [0,as] [0,a,] cee eee 
[0,a,] [0,as] 


be a semigroup fuzzy interval vector space of level two over the 
semigroup (S, 0). 


Now we proceed onto define semigroup fuzzy interval linear 
algebra V over the semigroup (S, 0). 


DEFINITION 3.2.8: Let V be a fuzzy semigroup interval vector 
space over the semigroup (S, o) of type I. If V itself is a special 
fuzzy semigroup under some operation say ‘+’ and so (a + b) = 
sob+sob foralls €S anda, b € V then we call V to be a 
fuzzy semigroup interval linear algebra over S of type II. 


We will illustrate this situation by some examples. 


Example 3.2.22: Let 


[O,a,] [0,a,] 
= Sa, 
= [0,a, | [0,a,] wees 
[O,a;] [0,a,] 


be a semigroup interval fuzzy linear algebra of type II over the 


semigroup 
n= Lent 


and ‘o’ is the min operation. On V we have min operation so 
that V is a semigroup. 


1 
S, 0) = <—,0,1 
(S, 0) {3 
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Example 3.2.23: Let 
v= [0,a, ] ae oe 
[0,a,]| | 1<is2 


be a fuzzy semigroup interval linear algebra of type II over the 
semigroup 


1 1 
S, 0) = »—,——,0,1 
me) F 12” 


and ‘o’ is the max operation in S}. 


mneZ 


Now having seen examples of fuzzy semigroup interval linear 
algebras over a semigroup of type II we describe an interesting 
property related with them. 


THEOREM 3.2.1: Every fuzzy semigroup interval linear algebra 
is a fuzzy semigroup interval vector space over the semigroup. 


The proof is simple as one part follows immediately from 
the definition and other part is obvious by some examples given 
on fuzzy semigroup interval vector spaces. 


DEFINITION 3.2.9: Let V be a semigroup fuzzy interval linear 
algebra over the semigroup S. Let W CV, if W is a semigroup 
fuzzy interval linear algebra over S then we define W to be a 
semigroup fuzzy interval linear subalgebra of V over the 
semigroup S. 


We will illustrate this by some examples. 
Example 3.2.24: Let V = {All 5 x 5 fuzzy interval matrices with 


entries from I [0, 1]} with min operation be a fuzzy semigroup 
interval linear algebra of type II over the semigroup 


S= [Ouse n H1.2or} 
D0 


with max operation. 
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Thus if v = [0, a;] € V and S=— € S then 


Consider M = {all upper triangular fuzzy interval 5 x 5 matrices 
with entries from I [0, 1]} c V; M is a fuzzy semigroup interval 
linear subalgebra of V over S of type II. 


Example 3.2.25: Let 


V= | [0,a, ]x’ 
i=0 


_ 


0a, i} 


be a fuzzy semigroup interval linear algebra of type II with min 
operation (i.e., if 

>, [0,a; ]x' = p(x) 

i=0 
and 


q(x) = Y,[0, b; x’ 
i=0 
are in V then 


co 


p(x) + q(x) = >, [0, min {a,,b;}]x' 


i=0 
over the semigroup 


and 


sv =5 p(X) ($= Sy PO)= D[0.4,h') 


W= {tone 


i=0 


04,51) c¥: 


W is a semigroup fuzzy interval linear subalgebra of V over the 
semigroup S of type II. 


Now we proceed onto define the notion of fuzzy subsemigroup 
interval sublinear algebra of V over the subsemigroup P of S. 


DEFINITION 3.2.10: Let V be a fuzzy semigroup interval linear 
algebra of type II over the semigroup S. LetW CV andP cS 
where W and P are proper subsets of V and S respectively. If W 
is a fuzzy semigroup interval linear algebra of type II over the 
semigroup P then we define W to be a fuzzy subsemigroup 
interval linear subalgebra of type II over the subsemigroup P of 
the semigroup S. 


We illustrate this situation by some examples. 


Example 3.2.26: Let 


a, | 
a,] 
,a,] ||O<sa, <b1<i<10 
as | 
aio] 


be a fuzzy semigroup interval linear algebra of type II over the 


semigroup 
S= {ho n= 12 
2” 


Let 
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[0,a, ] 0 
0 [0,a, ] 
W=4)[0,a,] 0 O<a, <L1<i<5} CY; 
0 [0,a, ] 
[0,a,] 0 
and 
P= {0s n=12,.| G§: 


W is a fuzzy subsemigroup interval linear subalgebra of type II 
over the subsemigroup P cS. 


Example 3.2.27: Let 


[0, a, ] [0,a, | 
v= [0,a,] [0,a,]])O<a, <1 
[0,a;] [0,a,]]] 1<si<8 
[0,a,] [0,a,] 
be a special fuzzy semigroup interval linear algebra over the 
semigroup 
S= ines mneZ*>. 
2” 5™ 
Choose 
[9,a,] 0 
[O,a,] OV O0<a, <4 
W= : = V, 
[O,a,] O}] lsis4 
[0,a,] 0 


W is a fuzzy subsemigroup interval linear subalgebra of V over 
the subsemigroup 
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of type IJ of V. 


Now if V has no fuzzy semigroup interval linear subalgebra 
over F then we define V to be a simple fuzzy semigroup interval 
linear algebra of type II. We say V is said to be a pseudo simple 
fuzzy semigroup interval linear algebra over S of type II if V 
has no fuzzy subsemigroup interval linear algebra over S. We 
say V is doubly simple if V has no fuzzy semigroup interval 
linear subalgebras and fuzzy subsemigroup interval linear 
subalgebras. 


We will illustrate this situation by examples. 
Example 3.2.28: Let 


{* 0 
V= a, =l 
0  [0,a,] 


be a semigroup fuzzy linear algebra over the semigroup S = {0, 
1} with min operation. It is easily verified V is a doubly simple 
semigroup fuzzy interval linear algebra of type II over S. 


Example 3.2.29: Let 


[0,1/2] | | [0,1/4] | | [0,1] | | [0] 
[0,1/2] |, [0.1/4] |,| [0,1] |.) [0] |; =V 
[0,1/2] | | [0,1/4] | | [0,1] | | [0] 


be a fuzzy semigroup interval linear algebra over the semigroup 
S = {0, 1}. V is a pseudo simple fuzzy semigroup interval linear 
algebra as V has no proper fuzzy subsemigroup interval linear 
subalgebra of type II. 

However V has fuzzy semigroup interval linear subalgebra 
of type two over S. 
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DEFINITION 3.2.11: Let V be a fuzzy semigroup interval linear 
algebra of type II over the semigroup S. Let W —V be a fuzzy 
semigroup interval linear subalgebra of V of type II. 

Let T: V >W be such that T(v) = w for every v € V and w 
€ W. Tis a fuzzy semigroup interval projection of V into W. 


We will illustrate this by some examples. 


Example 3.2.30: Let 

ve ee el 

[0, a, | [0, ay ] 
be a fuzzy semigroup interval linear algebra over a semigroup 
| 4 
S= {out neZ } 
a” 

Choose 


W= thes | O<a, ciisisa| CV; 
0 [0,a3] : 


W is a semigroup fuzzy interval linear subalgebra interval linear 
subalgebra of V over S. 
Define T : V > W by 


oa shisis4} 


pu {lad [aI] _ f(a) [0.a,] 
[0,a,] [0,a,] 0 [0,a,] 


T is a projection of V into W. Infact T is a linear operator on V. 


Example 3.2.31: Let 
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be a semigroup fuzzy interval linear algebra over a semigroup S 
of type II. 
Let 


W = {Stone 


i=0 


04,1] cV 


be a semigroup fuzzy interval linear subalgebra of type I over a 
semigroup S of V. 
Define T : V > W as 


T [S0.0.8 = Y [0.a,]x 


i=0 
T is a linear operator on V which is a projection of V onto W. 
We can as in case of linear transformation of vector spaces 
(linear algebras) define linear transformations of fuzzy 
semigroup interval linear algebras V (vector spaces) of type II 
to fuzzy semigroup interval linear algebras W (vector spaces) of 
type II provided V and W are defined over the same semigroup. 


We will illustrate this situation by some examples. 


Example 3.2.32: Let 


[0,4] 

vy = J] {O-a2]) [Osa <1 
[0,a,]| | 1<i<4 
[0,a, ] 


and 
w= [0,a,] [0,a,] [0,a,]])0<a, <1 
|} fO,a,] [0,a,] [0,a,]|) 1<i<6 


be fuzzy semigroup interval linear algebras defined over the 
semigroup 
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S= es 
2" 10" 


mez’. 


Define T: V > W as follows: 


[0,a, ] 

7 | | [O22] =| 0 a 
[0,a,] 0 [0,a,] [O,a,]]} 
[0,a, | 


It is easily verified that T is a linear transformation of V into W. 


Example 3.2.33: Let 


[9,a,] [0,a,] [0,a,] 
[0,a, <a, <1 
Ve } [0,a,] [0,a;] [0,a,] ; 
[9,a, ] l<i< 
[0,a,] [0,a,] [0,a,] 
and 
[0,a,] [0,a,] 
[0,a,] [0,a,] 
[0,a;] [0,a,] 
W= [0,a,] [0,a,]|} | [0,a,] [0,a,] |;O<sa, <1] 
[0,a,] [0,a,]]'| [0,a,] [0,a,,]])/1<i<16 
[9,a,,] [0,a,,] 
[0,a,,;] [0,a,,] 
[0,a,;] [0,a,6] 


be fuzzy semigroup interval vector spaces defined over the 
semigroup 
S= eo 
DQ” 
of type II. 


Define T: V > W as follows 


ne x02" 
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(| lad]\ _ [fa] 0 
[0,a, ] 0 [0,a, ] 


and 
[0,a,] 0 
0 [0,a,] 
[0,a,] [0,a,] [0,a,] [0,a,] 0 
T||[0,a,] [0,a,] [0a,J)/}=| @ [4a] ], 
[0,a,] [O,a,] [0,a,] aa, | 
0 [0,a,] 
[0,a,] 0 
0  [0,a,] 


It is easily verified that T is a linear transformation of V to W. 


Now we proceed onto define some more properties of 
semigroup fuzzy interval vector spaces and linear algebras of 
type II. 


DEFINITION 3.2.12: Let V be a fuzzy semigroup interval vector 
space of type II defined over the semigroup S. Let W}, W2, W3, 
.., W,, be a semigroup interval subvector spaces of V over the 


semigroup S. If V = Ly, but W; AW; 4 ¢ or {0} ifi #j then we 
i=l 

call V to be the pseudo direct union of fuzzy semigroup vector 

spaces of V over semigroup S of type II. 


The reader is expected to give some examples of these vector 
spaces. 


DEFINITION 3.2.13: Let V be a fuzzy semigroup interval vector 
space of type II over the semigroup S. Let Wi, W2, ..., W, be 
fuzzy semigroup interval vector subspaces of V of type II. We 
say Wi, W, ..., W,, is a direct union of semigroup fuzzy interval 
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vector subspaces of V. if V = Ly, and W; 1 W; = ¢ or {0} ifi 
i=l 


4j;1S i,j <n. 


The reader is expected to give examples of direct union of 
semigroup fuzzy interval vector subspaces of type II. 

Now we proceed onto define direct sum of fuzzy semigroup 
interval linear subalgebras of a fuzzy interval semigroup of type 
II. 


DEFINITION 3.2.14: Let V be a fuzzy semigroup interval linear 
algebra over a semigroup S of type II. We say V is a direct sum 
of semigroup fuzzy interval linear subalgebras W), W, ..., W, of 
Vif 

(a) V=W,+... + W, 

(-b) Wi OW; = {0} or bifi 4]; 1S j,j Sn. 
We will illustrate this situation by an example. 


Example 3.2.34: Let 
ae {ins | 
[0,a,] [0,a,] 


be a fuzzy semigroup interval linear algebra of type II defined 
over the semigroup 


0a, shisisd} 


Choose 


29 


we] : oa 

[0,a,] 0 

wef : os, 
0 [0,a,] 


to be fuzzy semigroup interval linear subalgebras of V of type II 
over the semigroup S. 
V=W,+ W.+ W3+ Wa 


0 0 
Wi. Wj = 0 0 


and 


and 


ifi#jand1<1,j<n. 

If in the definition we have W;’s to be such that W; ~ Wj # 
(0) or @ and W; c W;; 1 <1, j <n then we define V to be a 
pseudo direct sum of fuzzy semigroup interval linear algebras. 


We will illustrate this by an example. 


Example 3.2.35: Let 
0,a, | | 
0,a, | | 
0,a;] [O,a,] | |O<a, <1;1<1<10 
0,a, | | 
0,a, | | 


be fuzzy semigroup interval linear algebra of type II over the 
semigroup 


Choose 
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[0,a,] 0 
0 [0,a, ] 
W,= 0 0 O<a. <1l1l<i<3}, 
0 0 
0 


0 [0,a,] 
0  [0,a,] 
W3= 4/[0,a,] 0 O<a, <11<i<4}, 


and 


Ws = 0 [0,a,]| |O<a, <1;1<i< 


We see V = W, + W2+ W34+ Wat Ws 
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But 


Wir Wj; 


a > a 
a > ee) 


ifi4#j. 1 <i,j <5. Thus V is a pseudo direct sum W,, ..., Ws. 


As it is not an easy task to define group fuzzy interval vector 
spaces, we proceed to work in different direction. 
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Chapter Four 


SET INTERVAL BIVECTOR SPACES AND 
THEIR GENERALIZATION 


In this chapter we for the first time introduce the notion of set 
interval bivector spaces and generalize them to set interval n- 
vector spaces, n > 3. We also define semigroup interval bivector 
spaces and group interval bivector spaces and generalize both 
these concepts to bisemigroup interval bivector spaces, bigroup 
interval bivector spaces, set group interval bivector spaces and 
so on. This chapter has four sections. 


4.1 Set Interval Bivector Spaces and Their Properties 


In this section we introduce the new notion of set interval 
bivector spaces and enumerate a few of their properties. 
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DEFINITION 4.1.1: Let V = V; U V> where V; and V> are two 
distinct set interval vector spaces defined over the same set S. 
That is V; Z V2 and V, g< V; we may have V; 7M V2 = gor non 
empty. We define V to be a set interval bivector space over the 
set S. 


We will illustrate this situation by some examples. 


Example 4.1.1: Let V=V,U V2 


[0,a, ] : 
= {[0, ai] | ai € Fees {Ol} U [0,a,] a; Ae U {0} 
[0,a.] 1<i<3 


be set interval bivector space over the set S = {2, 4, 3, 5, 10, 12, 
124, 149, 5021}. 


Example 4.1.2: Let 
[0, a, | [0,a, ] [0, a; | 


Vi UV V2=5|[0,a,] [0,45] [0,a,]), [0, ai], [0, a2] 
[0,a,] [0,a,] [0,a,] 


where aj € Z)2; 1 <1 <9} 


[0,a, ] 

[0,a, | 

Fae a a 

U ,| (0,a,]} ja, €Z,,;1<51<5 
[0,a, | [0, a, | 

[0,a, | 

[0,a, ] 


be a set interval bivector space over the set S = {0, 2, 6, 5, 8, 
11} ox Z12. 
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Example 4.1.3: Let 


V=V,UV2= 
[0,a, | 
[0,a, | 
[0,a,] [0,a,] [0,a,] [0,a,] a, €Q* VU {0}; 
»| [0,a; ] |,[0,a; ] 
ee [0,a,] [0,a, | AS 1<i<8 
[0,a, ] 
[0,a, | 


[0,a,] [0,a,] [0,a,] [0,a,] 

[9,as] [0,a,] [0,a,] [0,a,] | Ja, -Q” U {0}; 
[9,a,] [0,a,,] [0,a,,] [0,a,.]| |1<i<l6 
[0,a,;] [0,a,,] [0,a,;] [0,a,.] 


be a set interval bivector space defined over the set S = {0, 4, 
3/17, 25/4, 2, 4, 6, 21, 49}. 


Example 4.1.4: Let V = Vi U V2 = {All 10 x 10 interval 
matrices with intervals of the from [0, a;] with a; € Z7} U 


1.62} 


be a set interval bivector space over the set S = {0, 3,5, I} c 
Zi. 


3 [0,a, ]x' 


i=0 


We see examples 4.1.1, 4.1.3 and 4.1.4 give set interval bivector 
spaces of infinite order where as example 4.1.2 is of finite order. 


Now we can define substructure in them. 


DEFINITION 4.1.2: Let V = V; U V2 be a set interval bivector 
space over the set S. Suppose W = W, UW, CV; U v2 be a 
proper biset of V and if W = W,; UW, CV is a set interval 
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bivector space over the set S then we define W to be a set 
interval bivector subspace of V over the set S. 


We will illustrate this situation by some examples. 


Example 4.1.5: Let V=V,U V2 = 


[0,a, | 
[0,a,] [0,a,] [0,a,] a, € Zig; 
,| [0,a, ] U 
[0,a,] [0,a. ] [0,a,] 1<i<6 
[0,a, ] 


{S108 


i=0 


a: <2, 


be a set interval bivector space over the set S = {0, 2, 5, 7, 9, 12, 
17} Cc Z\09. 


Choose 
[0,a, 
= , €Li95 = 2i 
W =3| [0,a,] one U 2,[0.a,]x a, € Zig 
[0,a, 


=W,UW.2c V,;UV2=V 
is a Set interval bivector subspace of V over the set S. 


Example 4.1.6: Let V = V; U V2 = {[0, ai] | a € ZU {03} U 


[0,a,] [0,a,] [0,a] 
[0,a,] [0,a,] [0,a,]||a,eZ° U{O};1<i<9 
[0,a,] [0,a,] [0,a,] 
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be a set interval bivector space over the set S = 2Z” U 5Z” U 
{0}. Take 
W=W,U W2= {[0, a] aie 7Z'U {0} U 


[0,a,] [0,a,] [0,a,] 
0  [0,a,] [0,a,]] la, €3Z* U {0} 
0 0  [0,a,] 


CV, U V2; W=W, U Wis a Set interval bivector subspace of 
V over the set S. 


Example 4.1.7: Let V = V, U V2 = {All 7 x 7 interval matrices 
with interval of the form [0, a\] a; € Zig U {All 1 x 9 interval 
row matrices with intervals of the form with a; ¢ Z;s be a set 
interval bivector space over the set S = {0, 1, 2, 4, 5, 7} C Zig. 
We see W = W,; U W>? = {All 7 x 7 diagonal interval matrices 
with intervals of the form [0, a;] with a; from Zs} U {([0, az], 0, 
[O, az], 0, [0, a3], 0, [0, aa], 0, [0, as]) / aj € Zig; 1 <1 <S}cV; 
U V2 = V is a set interval bivector subspace of V over the set S. 


Now having see examples of subspaces we now proceed on to 
define subset interval bivector subspaces. 


DEFINITION 4.1.3: Let V = V; U V> be a set interval bivector 
space over the set S. LetpW = W,; UW, CV; UV, =V bea 
proper bisubset of V and P CS be a proper subset of S. If W is a 
set interval bivector space over the set P then we define W to be 
a subset interval bivector subspace of V over the subset P of S. 


We will illustrate this by some simple examples. 


Example 4.1.8: Let V=V,U V2= 


[0,a, ] 
0,a,]|,((0.a,] [0,a,] [0a,] [0,a,]) ° 92" 
LOa2] |s((0.a]} [0.22] [0a] (a: 4 
[0,a, ] 
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{All 5 x 5 interval matrices with entries from Z4} be a set 
interval bivector space over the set S = {0, 2, 3, 5, 6, 8, 9, 10, 
14, 22} € Zs. Choose 


[0.a,] | 
W=W,UWo= J!fo,a,)| [57 
oe aes) Wee 3 

[0,a5] 


{All 5 x 5 interval upper triangular matrices with entries from 
Z2} C Vi U V2 = V. Choose P = {0, 2, 5, 10, 14,22} cSc 
Zx4. W = W, U W?2 1s a Subset interval bivector subspace of V 
over the subset P of S. 


Now we proceed onto define the notion of set interval linear 
bialgebra. 


DEFINITION 4.1.4: Let V = V; U V> be a set interval bivector 
space over the set S. 

Suppose V is closed under addition and if s (a + b) = sa + 
sb for alls € S anda, b € V then we call V to be a set interval 
bilinear algebra over S. 


We will illustrate this situation by some examples. 


Example 4.1.9: Let V = V; U V2 be a set interval bilinear 
algebra over the set S; where 
ai€ Za} 


_ {[ 10a] [0,a,] 
~ |i [0,a,] [0,a,] 


S = {0, 2, 5, 7, 10, 14, 32} C Zuo. 


V=V,UV>2 


a; E Ly; - i 
; U [0,a, |x 
1<i<4 a 


1 


Example 4.1.10: Let 
V=V,U V2 
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[0,a, 
O.a 
a] a €Z' U {0}; 
= <|[0,a, . 
1<i<5 
[0,a,] 
[0,a. 
[O,a,] [0,a,] [0,a,] 
a EZ U {0}; 
0, 0, 0, 
[O,a,] [0,a;] [0,a,] ee 


[0,a,] [0,a,] [0,a,] 


be a set interval bilinear algebra over the set S = {0, 3, 14, 27, 
52, 75, 130} Zu {0}. 


Example 4.1.11: Let V=V,U V2 


_ j{[0,a,] [0,a,] [0,a;] [0,a,] [0,a;] 
[0,a,] [0,a,] [0,a,] [0,a,] [0,a,9] 


a, hie 5 


1<1<10 


{All 12 x 11 interval matrices with intervals from Q” U {0} of 
the form [0, aj]; aj €¢ Q” U {0}? be a set interval bilinear algebra 


3 


over the set S = {0, 12, V3, 41, V5/12, 412, ~}. 
Now we see all the set interval bilinear algebras given in the 


examples 4.1.9, 4.1.10 and 4.1.11 are of infinite order. 


We will give one example of a finite set interval bilinear 
algebra. 


Example 4.1.12: Let 


V = {[0, a] | a: € Ze} U {rn fal 


[0,a;] [0,a,] 


a, €Z,; 
1<i<4 
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be a set interval linear bialgebra over the set S = {0, 1, 2, 3, 4} 
Cc Zs. V is a finite order set interval linear bialgebra or finite 
order set interval bilinear algebra over the set S. 


Now we proceed onto define the notion of set interval bilinear 
subalgebra of a set interval bilinear algebra over the set S. 


DEFINITION 4.1.5: Let V = V; U V2 be a set interval linear 
bialgebra over the set S. Choose W = W, UW, CV, UV2 = J; 
suppose W is a set interval linear bialgebra over the set S then 
we call W to be a set interval linear sub bialgebra of V over the 
set S. 


We will illustrate this situation by some examples. 


Example 4.1.13: Let 


[0,a, ] [0,a, | [0,a, ] . 

V=V,UVo= 4[0,a,] [0,a.] [0a] || <2 

OA PG Maes ae EA eee 
[O,a,] [0,a,] [0,a,] 


[O,a,] [0,a,] 
O,a O,a 
3 7 4] eae 
L0,as} [0,a, 1<i<10 
[0,a,] [0,a,] 
[0,a, | [0,a,9 | 


be a set interval linear bialgebra over the set S = {0, 3, 5, 8, 7, 
10} eG Liz. Choose W = W,UW> 


[0,a,] [0,a,] [0,a,] 
a, €Zy; 


= 0 0 0 ; 
1=1,2,3,7,8,9 
[0,a,] [0,a,] [0,a,] 
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[0,a, | 0 


0  [0,a,] 
Oak, || 
U 4|[0, 
: 1<i<5 
0 [0,a, | 
[0,a,] 0 


CV, U V2=V; Wis a set interval linear subbialgebra of V over 
the set S. 


Example 4.1.14: Let 
27 


V=ViUV2= paar 


i=0 


a €Q° v0 U 


{All 10 x 10 interval matrices with entries from Q” U {0}} bea 
set interval linear bialgebra over the set S = {3Z", 0, 7Z’}. 
Choose 


20 
W=W,U Wo= [Elta 


i=0 


a,eZ* v0 U 


{all 10 x 10 upper triangular interval matrices with entries from 
Q’U {03} CV; UV2=V; W is a set interval linear bisubalgebra 
of V over the set S. 


Now we proceed onto define other special type of 
substructures. 


DEFINITION 4.1.6: Let V = V; U V> be a set interval bilinear 
algebra over the set S. 

Choose W = W; UW, CV, U V2 and Pa proper subset of S 
such that W = W,; UW) is a set interval bilinear algebra over P. 
W is defined as a subset interval linear subbialgebra of V over 
the subset P of S. If V has no subset interval linear subalgebra 
then we define V to be a pseudo simple set linear bialgebra. 
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First we will illustrate this by some simple examples. 


Example 4.1.15: Let 
V=V,U V2 


: Be Hl 
[0,a;] [0,a,] 
be a set interval linear bialgebra over the set S = Z»7. Let 
a, €Z,,3 = 
1<i<2 


{[0, ai] | ai € {0, 3, 6, 9, 12, 15, 18, 21, 24} CC Z7} CV, UV2 = 
V be a subset interval linear subbialgebra of V over subset P = 
{0,9, 18} cS. 


ace 25.5 
1<i<4 


U {[9, ai] | ai © Zo7$ 


|b | 
W=W,U W2= 
[0,a,] 0 


Example 4.1.16: Let V = V, U V2 = {All 5 x 5 interval matrices 
with entries from Q* U {0}} U 


{Bu a, |x’ 


i=0 


a, EQ” U {0}; 
0<i<30 


be a set interval linear bialgebra over the set S = {0, 3Z’, 11Z’, 
17Z"}. Choose W = W,; U W, = fall 5 x 5 interval upper 
matrices with entries from Q” U {0}} U 


0<1< 20 


i=0 


| Soa 


a,eQ*U | 


Cc V; U V2 = V, W is a subset interval linear subbialgebra over 
the subset P = {0,3Z", 17Z} cS. 


Now will give some examples of a pseudo simple set interval 
linear bialgebra. 
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Example 4.1.17: Let V = V, U V2= {[0, a], [0, a], [0, a], [0, a) 
| ace Zs} U 


be a set linear bialgebra of the set S = {0, 1}. 
Clearly V is a pseudo simple set linear bialgebra over S. 


Example 4.1.18: Let 


V=V,UV, 
[0,a] [0,a] [0,a] [0,a] 

= 4![0,a] [0,a] [0,a]|]aeZ,} v 4|[0,a]| laeZ, 
[0,a] [0,a] [0,a] [0,a] 


be a set interval linear bialgebra over the set S = {0, 1}. Clearly 
V is a pseudo simple set interval linear bialgebra over the set S. 


We define pseudo set interval bivector space of a set interval 
linear bialgebra. 


Example 4.1.19: Let V=V,U V2= 


[0,a,] [0,a,] [0,a,]|] a, €Z,; 
[0,a,] [0,a,] [0,a,]|;O<i1<6 _ 
[0,a,] [0,a,] 


[0,a,] [0,a,]||-'” 
[O,a,] [0,a,] 


be a set interval linear bialgebra of V over the set S = {0, 1, 2, 
3}. Choose 
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W=W,UW> 


= [0, a, ] 0 [0,a,]}|[0,a,] 0 0 s 
0 [0,a,] [0,a,]}|[0,a,] 0 0 


[0,a,] 0 0 [0,4] 
0 [0,a,] |.| [0,a, ] 0 
[0,a, ] 0 0 [0, a, ] 


Cc V, U V2= V, W is a pseudo set interval bivector subspace of 
V over the set S. 


Example 4.1.20: Let V=V,;U V2 


a {([0, ar], [0, ay], [0, a3], [0, aa], [0, as]) | ae Z7; 1 < i = a U 


be a set interval bilinear algebra over the set S = {0, 1}. 
Choose W = W; U W2= 


{([0, a], 0, [0, a], 0, [0, a]), ([0, a], [0, a], 0, [0, a], 0)| ae Z7} U 


[0,a] 0])|0 [0,a] 
: aEZ, 
[0,a] 0] 10 [0,a] 
Cc V; U V2 = V, W 1s a pseudo set interval vector bisubspace of 
V over the set S. 
As in case of usual set bivector spaces we define the 


bigenerations of set interval bivector spaces. 


We will illustrate this by an simple example. 
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Example 4.1.21: Let V=V,; U V2 = {{[0, ai] | a; € Z7} VU 


be a set interval bivector space over the set S = Z,. The 
bigenerator of V is 


x= fo, 17 U 1 
(0,1) |) 


Clearly the bidimension of V is finite and is (0, 1). 


Interested reader is expected to derive more properties. 
However the concept of bilinearly independent set and bibasis 
can also be defined in an analogous way. We see the basis of the 
set interval bivector space given in example 4.1.21 is 


(10,13 Ufo 
[0,1] | 
The bidimension is {1, 1}. 


We will illustrate this by another example. 


Example 4.1.22: Let 
V=V,UV>2 


[0,a,] [0,a,] 
= 5|[0,a;] [0,a,]| Ja, |eZ> U {0} 
[0,a,] [0,a,] 


¥ | Sea 


i=0 


a,eZuU | 


be a set interval bilinear algebra over the set S= ZU {0}. 
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0 


0 0 0 
0 [0,1]|,| 0 Al 0 
0 0 ||[0,1] 0 [0,1] 


Cie we ap ae a ae e _8. LOD. e 


[0,1] 0] [0 ve 
x=] 0 3 0|, 
0 
0 
0 


is a bilinearly independent bisubset of V and X = X; U X) 
bigenerates V thus X is a bibasis of V. 


We define yet another set of interval bivector spaces called biset 
interval bivector spaces. 


DEFINITION 4.1.7: Let V = V; U V> where V; is a set interval 
vector space over the set S; and V> is another set interval vector 
space over the set S) where V; and V2 are distinct that is V; Z V2 
and V, ¢ V; and S; and S) are distinct that is S; ¢ S; and S> & 
Si). 

Then we define V = V; U V2 to be a biset interval vector 
bispace over the biset S = S; US) or V is a biset interval 
bivector space over the biset S = S; US). 


We will illustrate this situation by some simple examples. 


Example 4.1.23: Let V = Vi U V2 


_ [0,a,] [0,a,] [0,a,]] | [0,a,] | ja; €Z,,; 
[0,a,] [0,a;] [0,a,]]|’] [0,a,]| |1<i<6 
[9,a,] 
[0,a,]| ja, €Z,); 
U 
[0,a,]| |l<is4 
[0,a,] 
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be a biset interval bivector space over the biset S = S; U S) = 
Z12 U Ly. 


Example 4.1.24: Let V=V,U V2 


0,a,] 

0,a,]| Ja, eZ” U {0} 
0,a, | 1<i<4 
0,a, ] 


[ 
= | U {[0, ai] | a; € Z7} 
[ 


be a biset interval bivector space over the biset S = S; U S) = 
(ZU {0}) UZ. 


Example 4.1.25: Let V=V,;U V2 


24 } 
= pacar a, <7} U 


i=0 


fall 10 x 10 interval matrices with entries from Z* U {0}} be a 
biset interval bivector space over the biset S = S; U Sp = Zs U 
3Z LU {0}. 


Now we proceed onto define substructure in this bispace. 
DEFINITION 4.1.8: Let V = V; UV; be a biset interval bivector 
space over the biset S = S; US. Let W = W, UW, CV, UV2 = 
V be a proper subset of V. 

If W = W, UW; is a biset interval bivector space over the 
biset S = S; U Sz, then we define W to be a biset interval 
bivector sub bispace of V over the biset S. 


We will first illustrate this situation by some examples. 


Example 4.1.26: Let V=V, U V2 = 
he | 
[0,a,] [0,a,] 


117 


ae 


1<i<4 


{All 17 x 17 upper triangular interval matrices with entries from 
Z12} be a biset interval bivector space over biset the S = (Q” U 
{0}) U Zi = S; U S>. 

Take W=W, UW,= 


[0,a,] [0,a,] 
0  [0,a;] 
{All 17 x 17 diagonal interval matrices with entries from Z).} C 


V, U V2. = V, W is a biset interval bivector subspace of V over 
the biset S = S1 U S>. 


1<i<3 


a, €Q" _ 5 


Example 4.1.27: Let V=V,U V2= 
[0,a, | [0, a, | [0,a, ] a; € Zi U 
[O,a,] [0,a,] [0,a,]}} l<i<6 
25 ae Zoe 
>/[0, a, |x’ 1 x 25 
1<i<6 


i=0 
be a biset interval bivector space over the biset S = S; U S) = 
Za. U Zy5. Choose 


W=W,UW?> 
_ |{[0,a,] [0,a,] [0,a,]|/a, €Z,; : 
7 [0,a,] [0,a,] [0,a,] U CZs} 


1<i<3 
Cc V; U V2 = V; W is a biset interval bivector subspace of V 
over S. 
Now we proceed onto define the notion of quasi set interval 
bivector spaces and quasi biset interval bivector spaces. 


DEFINITION 4.1.9: Let V = V; U V> be such that V; is a set 
vector space over the set S and V2 a set interval vector space 
over the same set S then we define V = V; UV to be a quasi set 
interval bivector space over the set S. 
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We will first illustrate this situation by some examples. 


Example 4.1.28: Let V = Vi U V2 


a EQ’ U {0}; 
~ a, as ag 
sr 9 
a, ag ay 
[0,a, | [0,a, | [0,a, ] [0,a, ] a, EQ” U {0}; 
[9,a;] [0,a,] [0,a,] [0,a,] 1<i<8 


be a quasi set interval bivector space over the set S = Z* U {0}. 


Example 4.1.29: Let V = VU V2 


[0,a,] [0,a.] 

= [0,a,] [0,a,]| Ja, eZ,; 26 ; 

~ W/f0,a,] [0,a,]| l1<i<s w {S00 s.<2,| 
[O,a,] [0,a,] 


be a quasi set interval bivector space over the set S = Zs. 


Example 4.1.30: Let V=V,;U V2 


= pacar 


i=0 


a,eZ vio] U 


{All 8 x 8 interval matrices with entries from Z* U {0}! be a 
quasi set interval bivector space over the set S = 3Z" U {0}. 


Now we define quasi set interval bivector subspace in an 
analogous way. 


DEFINITION 4.1.10: Let V = V; U V2 be a quasi set interval 


bivector space over the set S. LetW = W, UW, CV; U2; W 
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is a quasi set interval bivector subspace of V over the set S, if W 
is a quasi Set interval bivector spaces over the sets. 


For instance if V = V; U V2 


[0.a,] [0,a,] | 
1, <2} PAlfOa.) [Osa] 
[O,a;] [0,a,] 


40 


= pacar 


i=0 


be a quasi set interval bivector space over the set S = Zp. 
Let W=W,UW> 


[9,a,] 0 
1.62 | U4] 0 [0,a,] 
[0,a,] 0 


a, € Z,8; 
1<i<3 


20 : 
i=0 


c V; U V2; W is a quasi set interval bivector subspace of V 
over the set S. 


Example 4.1.31: Let V=V,U V2 


— |} [0,a,] [0,a,] [0,a;] [0,a,] [0,a,] 
7 [0,a,] [0,a,] [0,a,] [0,a,] [0,a,,] 


pres . 


1<1<10 


{10 x 10 upper triangular matrices with entries from Z’ U {0}} 
be a quasi set interval bivector space over the set S = 3Z” U {0}. 
Choose W = W, U W> 


— [0a] O [0,a,] 9  [0,a,] 
|} 0 [Oa,J 0 [0a] 0 


a.eZ 3 


Laie 


{All 10 x 10 diagonal matrices with entries from 13Z° U {0}} 
Cc V, U V2=V; W is a quasi set interval bivector subspace of V 
over the set S. 
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Now we proceed onto define the new notion of quasi biset 
interval bivector space. 


DEFINITION 4.1.11: Let V = V; U V2 where V; is a set vector 
space over the set S; and V> is a set interval vector space over 
the set S> We call V = V; U V2 to be a quasi biset interval 
bivector space over the biset S = S; US). 


We will illustrate this situation by some examples. 


Example 4.1.32: Let V= VU V2 


2 [O,a,] [0,a, ] 
7 mE ea aera [0,a,] [0,a,]| Ja, €Z,,; 
Vee, Raw eee || ge © [0,a,] [0,a,]| |1<i<s 
i [0,a,] [0,29] 


be a quasi biset interval vector bispace over the biset S = S; U 
S> = Zig U Zit. 


Example 4.1.33: Let V = V, U V2 = {all 12 x 12 matrices with 
entries from Z’ U {0}} U 
a, € Za} 


be a quasi biset interval bivector space over the biset S = S; U 
S> = (13Z" U {0}) U Z9. 


[Zio 


i=0 


Example 4.1.34: Let V=V,U V2= 


15 
1 
Dax 
i=0 


a,€3Z°U | U 
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[0,a,] [0,a,] [0,a,] ; | 
[0,a,] [0,a;] [0,a,] a, €5Z" U {0}; 


[0,a,] [0,a,] [0,a,] Pane 


be a quasi biset interval bivector space over the biset S = S; U 
S. = (13Z" U {0}) U {15Z" U {0}). 


Now we give examples of quasi biset interval bivector spaces 
their substructures. 


Example 4.1.35: Let V = V, U V2 = {All 6 x 6 interval matrices 
with entries from Z7} U 


oO. . 

1 

Sax 
i=0 


a,EQ’u | 


be a quasi biset interval bivector space over the biset S = Z7 U 
Q™ U {0}. Choose W = W, U Wp = {all 6 x 6 upper triangular 
interval matrices with entries from Z7} U 


Dax 
i=0 


a,eQ*u | 
CV; U V2=V be a quasi biset interval bivector subspace of V 
over the biset Z7 U QU {0}. 


Example 4.1.36: Let V=V,U V2= 


a, Za} 


U {All 16 x 16 matrices with entries from Zs;} be a quasi biset 
interval bivector space over the biset S = S; U S2 = Zy9 U Zeg. 
Choose W = W, U W2 


{ios ]x' 


i=0 
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=4 > [0,a,]x” 
i=0 


a, € {0,7,14,21,28, 35,42} < Z} 


U {all 16 x 16 diagonal matrices with entries from Zs;} Cc Vy U 
V,= V. W is a quasi biset interval bivector subspace of V over 
the biset S = S; U S>. 


Example 4.1.37: Let V = Vi U V2 = {[0, ai] | ai € {0, 1, 2, 3, 4} 


= Zs} U 
aEZ, 
aa 


be a quasi biset interval bivector space over the biset S = S; U 
S. = Zs U Z. It is easy to verify V has no quasi biset interval 
bivector subspace over S. 

We define those quasi biset interval bivector spaces which 
has no subspace to be a simple quasi biset interval bivector 
space. 

Vector space given an example 4.1.37 is a simple quasi 
biset interval bivector space. 


Now we proceed onto define the notion of quasi subbiset 
interval bivector space. 


DEFINITION 4.1.12: Let V = V; U V2 be a quasi biset interval 
bivector space over the biset S = S; US. Let W = W, UW c 
V; UV2; where W = W, UW, is a quasi biset interval bivector 
space over the biset P = P; UP? CS; US) = S (where P is a 
proper subbiset of S) then we call W to be a quasi subbiset 
interval bivector subspace of V over the subbiset P of S. 


We will illustrate this situation by some examples. If V has no 
proper quasi subbiset interval bivector subspace then we call V 
to be a pseudo simple quasi biset interval bivector space. If V is 
both simple and pseudo simple then we call V to be a doubly 
simple interval space. 
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We will illustrate this by some examples. 
Example 4.1.38: Let V = VU V2 = {[0, a] | a € Z7} U 


a 
a|jaeZ, 
a 


be a quasi biset interval bivector space over the biset S = {0, 1} 
UZ5=S8;US>. V is a doubly simple quasi biset interval 
bivector space over the biset S. 


Example 4.1.39: Let V=V, U V2 = {(a, a, a, a, a, a, a, a)| ae 
Zy} U 


[0,a] [0,a] 
[O,a] [0,a]| jae Z, 
[0,a] [0,a] 


be a quasi biset interval bivector space over the biset S = Z) U 
Z3. Clearly V is a quasi doubly simple interval bivector space 
over the biset S = Z, U Z;3. 


Now we proceed onto define the notion of quasi set interval 
linear algebra semiquasi set interval linear algebra. 


DEFINITION 4.1.13: Let V = V; U V2 be a quasi set interval 
bivector space over the set S. Suppose each V; is closed under 
the operation, addition for i=1, 2, then we define V = V; UV> to 
be a quasi set interval linear bialgebra over the set S. 


We will illustrate this situation by some examples. 
Example 4.1.40: Let V = VU V2 


zs [Zax laeZ UV | 


[0,a, Jx’ 
=0 


a,eZU | 


a" 
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be a quasi set interval linear bialgebra over the set S = 3Z° U 


{O}. 
Example 4.1.41: Let V = V, U V2 
[0,a,] [0,a,] 


aay 0 0 a, €Z,; 
U [ 5a; | [ 5a, ] 2126 
[O,a;] [0,a,] 


be a quasi set interval linear bialgebra over the set S = Zp. 
Clearly V is of finite order where as V given in example 4.1.40 
of infinite order. 


Example 4.1.42: Let V = V, U V2 = {All 5 x 5 interval matrices 
with entries from Q* U {0}} U {all 3 x 7 matrices with entries 
from Q* U {0}} be a quasi set interval bilinear algebra over the 
set S = 13Z7 vu {0}. 


Now we proceed onto define semi quasi interval bilinear algebra 
(linear bialgebra) over the set S. 


DEFINITION 4.1.14: Let V = V; U V> where V; is a set interval 
linear algebra over the set S and V> is a set vector space over 
the same set S (or V; is a set interval vector space over the set S 
and V> is a set linear algebra over the set S). We define V to be 
a semi quasi set interval bilinear algebra over the set S. 


We will illustrate this situation by some examples. 


Example 4.1.43: Let V=V, U V2 


_ 0.1 pa ale 
[0,a,] [0,2] 


a,,aeZ,.; 5 
1<i<4 
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{All 9 x 3 matrices with entries from Z,4;} be a semi quasi set 
interval bilinear algebra over the set S = {0, 1, 5, 7, 14, 27, 35, 
42k Z45. 


Example 4.1.44: Let V=V,U V2 


[0,a,]  [0,a,] [0,a;] [0,a,] [0,a;] 
= 4|[0,a,] [0,a,] [0,a,] [0,a,] [0,a,,] 
[9,a,,] [9,a,.] [0,a,;] [0,a,,] [0,a,5] 


a 
U «|b |,[a,b,c,d,e,f]| a,b,c,d,e,f e R* U {0 


a, €R* U {0} 
1<i<15 


be a semi quasi set interval bilinear algebra over the set S = {0, 


Lal 7/5; Vi3- V43 , 52, 75, 1031} CR*U {0}. 
V19 
Example 4.1.45: Let V=V,U V2 = {[0, a] | a € Z3} U 


fa ed 
b s[a, sC, | 


be a semi quasi set interval bilinear algebra over the set S = {0, 
i. 2} = Z3. 


sredeZs} 


Now we proceed onto define quasi biset interval bilinear algebra 
defined over the biset S = S; U Sp. 


DEFINITION 4.1.15: Let V = V; U V> where V; is a set linear 
algebra over the set S; and V2 is a set interval vector space over 
the set S», we define V to be a quasi biset interval bilinear 


algebra over the biset S = S; US). 


We will illustrate this situation by some examples. 
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Example 4.1.46: Let V = V, U V2 


a be 
: : A de f|la,b,c,def,g,hieZy$ U 
g hi 
a] a, €Z,; 
aad cig 
[0,a,] 


be a quasi biset interval bilinear algebra over the biset S = Zj9 U 
Zi. 


Example 4.1.47: Let V=V,U V2 


[0, a, ] ; | 
JN (0,8, 7 (Ow Oay Oe 
[0,a,] [aa=3 


{all 3 x 5 matrices with entries from Z49} be a quasi biset 
interval bilinear algebra over the biset S = 5Z” U {0} U Zyp. 


We see the quasi biset interval bilinear algebra given in example 
4.1.46 is of finite order where as the quasi biset interval bilinear 


algebra given in example 4.1.47 is of infinite order. 


Example 4.1.48: Let V=V,U V2= 


1.<7,| 


a,b,c,d,e,f,g,heZ* U oo} 


i=0 


paces 


a b 
|| labo 
c d 
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be a quasi biset interval bilinear algebra over the biset S = S; U 
po 40, dow 21, 235, 0.7}: 

Clearly the quasi biset interval bilinear algebra given in 
example 4.1.48 is of infinite order. 


Now we will proceed onto give examples of substructures and 
the reader is given the simple task of defining these 
substructures. 


Example 4.1.49: Let V=V,U V2= 
[0,a, ] 
0,a,]| ja, €Z,,; 


[0,a,] [0,a;] [0,a5]] | [ 
| [0,a,] |} |1<i<6 
[ 


[0,a,] [0,a,] [0,a,] 


be a quasi set interval bilinear algebra over the set S = Zoo. 
Choose W = W, U W> 
a, € Za} 


c V; U V2 = V; W is a quasi set interval bilinear subalgebra of 
V over the set S = Zo. 


[0,a, ] 
O,a ~€ Lng} 15 ; 
= [0,a,] oe 29? |) ey Sia,x' 
[0,a,]} |lsis4 = 
[0,a,] 


Example 4.1.50: LetV=Vi;UV2= 


a b 
(a,b,c),)c d|la,b,c,d,e,f eZ U{0}; U 
ef 
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{[0, a] |a © Z’ U {03} be a quasi set interval bilinear algebra 
over the set 5Z” U {0} =S. Take W = W; U W2 = {(a, b, c) | a, 
b,c € ZU {0}} U {f0, a] |a € 15Z7 U {03} CV) UV = V; 
W is a quasi Set interval bilinear subalgebra of V over the set S 


=5Z° U {0}. 


Example 4.1.51: Let V=V,U V2= 


a 
ry 
a be 
le 
bee 
g 
i 


[9, a, ] 
[0,a, | 
[0,a,] 


Gay fo Ca oe 


[9,a,] 
[0,a,] 
[9, a, ] 


[0,a, ] 
[0, a, ] 
[9,a,] 


a,b,c,d,e,f,g,h,ijeZ,,¢ U 


be a quasi biset interval bilinear algebra over the biset S = Z)7 U 


Z47. Choose W = W, U W2 = 


Ee 


[0,a,] [0,a,] [0,a,] 
0 [0,a,] [0,a,] 
0 0  [0,a,] 


a,b,c,d,e,f € zo} U 


a, € Ly; 
1<i<6 


c V; U V2 = V, W is a quasi biset interval bilinear subalgebra 


of V over the biset S = Z17 U Za7. 


Example 4.1.52: Let V = V, U V2 = {All 7 x 7 matrices with 


entries from Z4.} U 
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[0,a,] [0,5 ] aa 


[0,a,][0,a,][0,a,]|| 1sis6 


a,eZuU id 


(104,100,110. 


be a quasi biset interval linear bialgebra over the biset S = S; U 
S> = Za U ZU {0}. Choose W = W; U W> = fall 7 x 7 upper 
triangular matrices with entries from Z4)} U {([0, ar], [0, a2], [0, 
a3], [0, ag])| ai e ZU {03}; 1 <i< 4} CV, U V> bea quasi biset 
interval bilinear subalgebra of V over the biset S = S; U S2 = Za 
UZ U {0}. 


Now as in case of set interval bivector spaces we can define the 
notion of quasi subset interval bilinear subalgebras. As the 
definition is a matter of routine the reader is given that task. 
However we illustrate this situation by some examples. 


Example 4.1.53: Let V=V,U V2= 


Cc 
{(a1, a2, 3, a4, a5, a6, 27), f || aj, a, b, c, d, e, 


> Oo oF 


a 
d 
g 1 
[O,a,] [0,a,] 
f, g,h,1 € Zo5 1 <1 <6} U 4} [0,a,] [0,a,] 


[O,a,] [0,a,] 


A 
on 


be a quasi set interval bilinear algebra over the set S = Zo. 
Choose W = W, U W> = 
{(a1, a2, a3, a4, aS, AG, a7) | ai € Zo; Sales T} U 


[9,a,] 0 
jie 
1 {1sis3 

[0,a;] 0 


cV=V,U V2 and P= {0, 3,6} CZ)=S. 


W is a quasi subset interval linear subalgebra of V over the 
subset P = {0, 3, 6} of S. 
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Example 4.1.54: Let V = V; U V2 = {all 5 x 5 matrices with 
entries from Z’ U {0}} U 


[0,a, ] 

— [0,a,] [0,a,] [0,a,] 

' ? 0 [0,a,] [0,a.]}]a, €3Z* U {0};1<i<6 
all} 9 4 [0,a,] 

[0,a, ] 


be a quasi set interval bilinear algebra over the set S = 3Z° U 
{0}. Choose W = W; U W> = {all 5 x 5 upper triangular 
matrices with entries from Z” U {0}} U 


[0,a] [0,a] [0,a] 
0 [0,a] [0,a]]a, e3Z° U{}$ CVJUW=V 
0 O- [0,a] 


and P = 33Z” U {0} CS =3Z' U {0}. Clearly W = W, U W3 is 
a quasi subset interval bilinear subalgebra of V over the subset P 
c S. However it is possible that V has no quasi subset interval 
bilinear subalgebra in such cases we call V to be a pseudo 
simple quasi set interval bilinear algebra. 


We will illustrate this situation by some examples. 


Example 4.1.55: Let V=V, U V2 = {[0, a]| a € Z3} U 


be a quasi set interval bilinear algebra over the set S = {0, 1} 
Z3. Clearly V has no quasi subset interval bilinear algebra as 
well as V has no quasi set interval bilinear subalgebra. Thus V 
is a pseudo simple quasi set interval bilinear algebra as well as 


131 


simple quasi set interval bilinear algebra which we choose to 
call as doubly simple quasi set bilinear algebra. 


Example 4.1.56: Let 


V=V,UV> 
_ {{f0.a] [0,6] 
[O,c] [0,d] 


3 a,x',(a,b,c,d) 
i=0 


a,b,c,de€ | U 


s,abedeZ,| 


be a quasi set interval bilinear algebra over the set S = {0, 1}. 
Since S cannot have proper subsets of order greater than or 

equal two we see V is a pseudo simple quasi set interval bilinear 

algebra. However V is not a simple quasi set interval bilinear 


algebras as 
a.€ z| 


_ |} [0,a] [0,a] 2 ; 
W= lee el U dan 


c V; U V2 = V is a quasi set interval bilinear subalgebra of V 
over the set S = {0, I}. 

Thus V is not a doubly simple quasi set interval linear 
algebra over the set S. 


Now we will give yet another example to show the different 
possibilities. 


Example 4.1.57: Let V=V,U V2= 


aa 
[ten 
aa 


[0,a] 
ae Z| U 4|[0,a] |} aeZ,, 
[0,a] 
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be a quasi set interval bilinear algebra over the set S = Zo. 
Clearly V has no quasi set interval bilinear subalgebra over S = 
Zi9. 

However we see S can have several subsets but V cannot 
have any proper pseudo quasi subset interval bilinear 
subalgebras. 

Hence V is a doubly simple quasi set interval bilinear 
algebra over Zj9 = S. 


Now we proceed onto define the notion of quasi subbiset 
interval bilinear subalgebras. 


DEFINITION 4.1.16:Let V = V; U V2 be a quasi biset interval 
bilinear algebra over the biset S = S; US. Let W = W, UW2 © 
V; UV, and P = P; UP; CS; US) both W and P are proper 
bisubsets of V and S respectively. Suppose W is a quasi biset 
interval bilinear algebra over the biset P = P; UP then we call 
W to be a quasi bisubset interval bilinear subalgebra of V over 
the bisubset P of S. 

We will say V is pseudo simple quasi biset interval bilinear 
algebra over the bisubset interval bilinear subalgebra over a 
bisubset P = P; UP of S = S; US). 


We will illustrate these situations by some simple examples. 


Example 4.1.58: Let V=V,U V2= 


a blia b a ba b 

{: He a ba b  sster.| 
[0,a,] [0,a,] 
[9,a;] [0,a,]] ja, eZ; 
[0,a;] [0,a,]| |l<i<8 
[0,a,] [0,a,] 


be a quasi biset interval bilinear algebra over the biset S = Z.5 U 
Ze. 
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Choose W = W, U W> 


{ry 


Cc V; U V2= V such that W is a quasi bisubset interval bilinear 
algebra over the subbiset P = {0, 3} U {0, 2, 4, 6} CS; U So. 


[0,a,] 0 
0 [0,a,] | ja, €Z,; 
[0,a, | 0 1<i<8 
0 [0,a,] 


anedeZ,} U 


Example 4.1.59: Let V=V,U V2= 


0,a, | 


[ 
[0,a,] [0,a,] [0,a,] [0,a,]] |[0,a,]] a, eZ,; 
[0,a;] [0,a,] [0,a,] [0,a,]|’ |[0,a,]| |1<i<8 
[ 


0,a, | 
a b 
ec d 


be a quasi biset interval bilinear algebra over the biset S = Z3 U 
{0, 1}. 

We see V has no quasi subbiset interval bilinear subalgebra 
over S as S does not contain any proper subbiset. 

Thus V is a pseudo simple quasi biset interval bilinear 
algebra over the set S = Z; U {0, 1}. 


anedeZs} 


Example 4.1.60: Let V = Vi U V2 


aaa 
=4|a a aljaeZ,- VW 


aaa 
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0,a,] 


[ 
[0,a,]| Ja; €Z,; 

(UOsaiT (0.2), 10,85) [ads hci ea 
[0,a,] 


be a quasi biset interval bilinear algebra over the biset S = Zs U 
Z>. Clearly V has no quasi biset interval bilinear subalgebras. 
Also V does not contain any quasi subbiset interval bilinear 
subalgebras. Thus V is both a pseudo simple quasi biset bilinear 
algebra as well as simple quasi biset interval bilinear algebra. 
We call a quasi biset interval bilinear algebra which is both a 
simple quasi biset interval bilinear algebra as well as pseudo 
simple quasi biset interval bilinear algebra as doubly simple 
quasi biset interval bilinear algebra. 


We have given examples of all types of quasi biset interval 
bilinear algebras. Now we proceed onto give some properties 
and the reader is expected to prove them. 


THEOREM 4.1.1: Every quasi set interval bilinear algebra over 
a set S is a quasi set interval bivector space and the converse in 
general is not true. 


THEOREM 4.1.2: Every set interval bilinear algebra is a set 
interval bivector space and not conversely. 


THEOREM 4.1.3: Every set interval bilinear algebra is a quasi 
set interval bilinear algebra and not conversely. 


THEOREM 4.1.4: Every doubly simple quasi interval bilinear 
algebra is a simple quasi interval bilinear algebra. 


THEOREM 4.1.5: Every doubly simple quasi set interval 
bilinear algebra is a pseudo simple quasi set interval bilinear 


algebra. 


In the next section we proceed onto define semigroup interval 
bivector spaces and bilinear algebras. 
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4.2 Semigroup Interval Bilinear Algebras and Their 
Properties 


In this section we define semigroup interval bilinear algebras 
and several related structures and substructures associated with 
them. Main properties about them are discussed in this section. 


DEFINITION 4.2.1: Let V = V; U V2 be such that V; is 
semigroup interval vector space over the semigroup S and V> is 
also a semigroup interval vector space over the same semigroup 
S; where V; and V> are distinct with V; ¢ V7 or V2 ZV}. 

We define V = V; U V2 to be a semigroup interval bivector 
space over the semigroup S. 


We will illustrate this situation by some examples. 


Example 4.2.1: Let V=V,U V2= 
0, 0, 0, i Z ) — i 
[ a, | [ a, | [ a; | a; = 19 U [0, a, |x’ a, E Lig 
[0,a,] [O,a;] [0,a,]|/1<1<6 0 


be a semigroup interval bivector space over the semigroup S = 
Zo. 


Example 4.2.2: Let V=V,U V2= 


[0,a,]  [0,a,] 
[0,a,] [0,a,] 
[0,a;] [0,a,] | ]a,eZ* U{O}} U 
[0,a;]  [0,as] 
[0,a,] [0,a,9] 


{({0, ai], [0, a], ..., [0, aca]) | a © 3Z U {03} be a semigroup 
interval bivector space over the semigroup S = Z" U {0}. 
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Example 4.2.3: Let V=V,U V2 = 


[0,a,] 0 [0,a,] 0 
0 [0a,]) 0  [0,a,] 
[0,a,] 0 [0a,] 0 


a, €Z,,; 
1<i<6 


[O,a,] [0,a,] [0,a,] 
Sel (Oat Oe 
lO.a, jee goa ies: 
[O,a,] [0,a,] [0,a,] 


be a semigroup interval bivector space over the semigroup S = 
{0, 3, 6, 9}. 
Now we define two substructures in them. 


DEFINITION 4.2.2: Let V = V; U V2 be a semigroup interval 
bivector space over the semigroup S. Choose W = W; UW Cc 
V; UV2 = V2; Wa proper subset of V; if W itself a semigroup 
interval bivector space over the semigroup S then we define W 
to be a semigroup interval bivector subspace of V over the 
semigroup S. If V has no proper semigroup interval bivector 
subspace then we call V to be a simple semigroup interval 
bivector space. 


We will illustrate this situation by some examples. 


Example 4.2.4: Let V=V,U V2 = 


[0,a,] [0,a,] 
|e Da pla [0,a,] [0,a,]) 


a, €Z;; 
U 
1<i<4 


[0,a,] 
[0,a,]] Ja, €Z,; 
[0,a,]| |l<si<s4 
[0,a,] 
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be a semigroup interval bivector space over the semigroup S = 
Zs. Choose W = W,; U W2 = 


[9,a, | 
[0,a,] [0,a,] ||a, eZ; 5 0 a eZ; 
[0,a,] [0,a,]|/l<i<4 [0,a,]}/1sis2 
0 


Cc V; U V2 = V; W is a semigroup interval bivector subspace of 
V over the semigroup Zs. 


Example 4.2.5: Let V=V,U V2= 
0, 
{04} foal aeZiu a U 


, [0,4 }x aa, €3Z* U {0} 


be a semigroup interval bivector space over the semigroup S = 
47 U {0}. Take W = W,UW2= 


7 


{[0.2] ljae3Z* U {0H} U [Dios 


i=0 


a, €3Z°U | 


Cc V, U V2 = V; W is a semigroup interval bivector subspace of 
V over the semigroup 4Z” U {0} =S. 

We see the semigroup interval bivector space can be of 
finite order or infinite order. Clearly the semigroup interval 
bivector space given in example 4.2.4 is of finite order where as 
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the semigroup interval bivector space given in example 4.2.5 is 
of infinite order. 


Example 4.2.6: Let V=ViU V2= 


{[0, a] | a © ZoohU [0,a] aEeZ,, 


be a semigroup interval bivector space over the semigroup S = 
Zy9. V is a simple semigroup interval bivector space as V has no 
semigroup interval bivector subspaces. 


Example 4.2.7: Let V=V, U V2 


{([0, a], [0, a], [0, a], [0, a], [0, a]) | a © Zi3} be a semigroup 
interval bivector space over the semigroup S = Z)3. V is a 
simple semigroup interval bivector space over S = Z)3. 


DEFINITION 4.2.3: Let V = V; U V2 be a semigroup interval 
bivector space over the semigroup S. Let W =W, UW, CV, Vv 
V, = V and P Cc S (W and P are proper bisubset and 
subsemigroup of V and S respectively). 

If W = W, UWy, is a semigroup interval bivector space over 
the semigroup P then we define W to be a subsemigroup 
interval bivector subspace of V. If V has no subsemigroup 
interval bivector subspaces then we call V to be a pseudo simple 
semigroup interval bivector space over the semigroup S. 


We will illustrate this situation by some examples. 
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Example 4.2.8: Let V=V,U V2 = 


[0,a,] [0,a,] 
{aa oa hoa (0,a,]) 


a, € Zi} 
U 
1<i<4 


[0,a,] [0,a,] 

[0,a,] [0,a,] 1 €Z, 
[0,as] [0,a,]}] | ° 
[0,a,] [0,a.] 


be a semigroup interval bivector space defined over the 
semigroup S = Z)>. Choose 

ae 752 

i 12 U 

1<i<4 


we fey i 
[0,a5] [0,24] 


[0,a,] [0,a,] 
0 0 a, €Z,3 
[0,a;,] [0,a,]| |1<i<4 
0 0 


c<V,UV2=V; and P = {0, 4, 8} CZ. W=W,vU Woisa 
subsemigroup interval bivector subspace of V_ over the 
subsemigroup P of S = Z). 


Example 4.2.9: Let V=V,U V2= 


Daa] a EZ U{0} 
[O,a,]}) oo. 

1<i<3 
[0,a,] 
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a, €3Z" U {0}; 
1<i<6 


0,a,] 0 
([0.a,][0.a, ][0,.a;][0.a,]),, © [0,a,][0,a,] 
0 [0,a,] 


be a semigroup interval bivector space over the semigroup S = 
SZ AOS. 
Choose W = W, U W2 = 


[0, a, ] 
0 a,,a,eZ U{O}r U 
[0,a, ] 
0 [0a] 0 
0 0 [0,a,]| |a,,a,,a, arein Z* U {0} 


[0.a,] 0 0 


CV, U V2=V; and P = {125Z" U {0}} cS. W=W,U Woisa 
subsemigroup interval bivector subspace of V_ over the 
subsemigroup P of S. 


Example 4.2.10: Let V = VU V2 


[0,a, 

=O a EZ; 
eT <i <3 
[0,a, 


{{[0, ai] [0, ai] [0, ai} [0, ai]] aie Zs; bss 4} 


be a semigroup interval bivector space over the semigroup S = 
Zs. Clearly V has no subsemigroup interval bivector subspace as 
S has no subsemigroups. Thus V is a pseudo simple semigroup 
interval bivector space over the semigroup S = Zs. 
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Example 4.2.11: Let V=V,U V2= 


[0,a] [0,a] 
aeZ,- U 
[0,a] [0,a] 
{({0, a], [0, a], [0, a], [0, a], [0, a], [0, a]) | a © Z,} bea 
semigroup interval bivector space over the semigroup S = Z7. 


Clearly V is a doubly simple semigroup interval bivector 
space over the semigroup S = Z7. 


Example 4.2.12: Let V=V,U V2= 


[O,a] [0,a] [0,a] [0,a] [0,a] 
[O,a] [0,a] [0,a] [0,a] [0,a] ||} aeZ, 
[O,a] [0,a] [0,a] [0,a] [0,a] 


U {3210.98 a,€ 2. 


n=0 
be a semigroup interval bivector space over the semigroup S = 
Zs. Clearly V is a doubly simple semigroup interval bivector 
space over the semigroup S = Zs. 


We see there is difference between the semigroup interval 
bivector space described in example 4.2.11 and 4.2.12 for we 
see in example 4.2.11 both V; and V> are doubly simple where 
as we see in example 4.2.12 only V, is doubly simple and V> 
infact has a semigroup interval bivector subspace viz., 


W2= [0,a, ]x” 
i=0 


a. <1.| Cc V9; 


so in view of this we are forced to define yet another new 
notion. 


DEFINITION 4.2.4: Let V = V; U V2 be a semigroup interval 


bivector space over the semigroup S. If only one of Vi or V>2 is 
doubly simple and one of V; is not simple or pseudo simple (or 
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not used in the mutually exclusive sense) then we call V to be a 
Example 4.2.13: Let V=V,U V2= 


semi simple semigroup interval bivector space. 
0, 0, 
a, €Zig er VU Wal Dal ae Lio 
[0,a] [0,a] 


be a semigroup interval bivector space over the semigroup S = 
Zi9. Clearly V is a semi simple semigroup interval bivector 
space. 


Dax 
i=0 


THEOREM 4.2.1: Let V = V; U V2 be a semigroup interval 
bivector space defined over the semigroup S = Z,; p a prime. V 
can be either a doubly simple semigroup bviector space or a 
semi simple semigroup bivector space. 


Proof is left as an exercise to the reader. 


Now we proceed onto define the notion of semigroup interval 
bilinear algebra. 


DEFINITION 4.2.5: Let V = V; U V2 be a semigroup interval 
bivector space over the semigroup S. If both V; and V> are 
closed under addition that is they are semigroups under 
addition then we call V to be a semigroup interval bilinear 
algebra over the semigroup S. 


We will illustrate this situation by some examples. 


Example 4.2.14: Let V=V,U V2 
_ [0,a, | [0,a, ] [0,a, ] a; € Liss U 
[O,a,] [0,a,] [0,a,]}| |1<i<6 


{All 10 x 10 interval matrices with entries from Z)2} be a 
semigroup interval bilinear algebra over the semigroup S = Z). 
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Example 4.2.15: Let V=V,U V2 


4 


= ; [0,a,]x']a, €Z* vi} U 


££({0, ai] [0, a] [0, ai])}] aj e SZ” U {0}} be a semigroup 
interval bilinear algebra over the semigroup 3Z VU {0} =S. 


We have an interesting related result. 


THEOREM 4.2.2: Let V = V; U V2 be a semigroup interval 
bilinear algebra over the semigroup S then V is a semigroup 
interval bivector space over the semigroup S but the converse 
however is not true. 


The proof is left as an exercise to the reader. 
Now we proceed onto define substructures of these structures. 


DEFINITION 4.2.6: Let V= V; U V2 be a semigroup interval 
bilinear algebra over the semigroup S. LetW =W, UW, CV, 
U V2 = V; suppose W is a semigroup interval bilinear algebra 
over the semigroup S then we call W to be a semigroup interval 
bilinear subalgebra of V over the semigroup S. If V has no 
semigroup interval bilinear subalgebra then we define V to be a 
simple semigroup interval bilinear algebra over the semigroup 


S. 


We will illustrate this situation by some examples. 


Example 4.2.16: Let V = 
{bak [0,a,] [0,a,] [0,a,] tel 


a, €Z,,3;1<1<10 
[O,a,] [0,a,] [0,a,] [0,a,] [0,a,5] 


be a semigroup interval bilinear algebra over the semigroup 
S=Z 0. Choose W= W,UW> 
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_ff © [Oa] 0 [Oa] 0 
[O,a,] O [0,a,] O  [0,a,] 


a, <%} 


CV, UV2=V; W is a semigroup interval bilinear subalgebra 
over the semigroup S = Z). 


a. cassis] 


U [0,a, ]x” 
i=0 


_ 


Example 4.2.17: Let V=V,U V2= 


[O,a,] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,]]]a, eZ U{0O};1<i<9- U 
[0,a,] [0,a,] [0,a,] 


[ 
[ 
[0,a, a,EeZ U{O};1<i<5 
[ 
[ 


be a semigroup interval bilinear algebra over the semigroup S = 
3Z U {0}. Take W = W, U W2= 


[0,a, | [0,a, | [0,a, ] 
0 [0,a,] [0,a.]|}a, €3Z* U{0};1<i<6$ U 
0 0 [0,a, 


[ 
[ 
[0,a] | | a; €3Z* U {0} 
[ 
[ 
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c V, U V2 = V; W is a semigroup interval bilinear subalgebra 
of V over the semigroup S = 3Z” U {0}. 


Example 4.2.18. Let V=V, UV2= 
[0,a] 
[0,a] 
s<2,| U 4|[0,a] lla € Z, 
[ 
[ 


0,a] 
0,a] 


be a semigroup interval bilinear algebra over the semigroup S = 
Z7. We see V has no semigroup interval bilinear subalgebra; 
hence V is a simple semigroup interval bilinear algebra over the 
semigroup S = Z7. 


Example 4.2.19. Let V=V,U V2 = 


[0,a] [0,a] 
[0,a] [0,a] 
[O,a] [O,a]| jaeZ,,- U 
[0,a] [0,a] 
[0,a] [0,a] 


{({O, a], [0, a], [0, a], [0, a], [0, a])ja e Z,,;} be a semigroup 
interval bilinear algebra over the semigroup S = Z,;. V is a 
simple semigroup interval bilinear algebra over the semigroup S 
i Zi1- 


DEFINITION 4.2.7: Let V = V; U V2 be a semigroup interval 
bilinear algebra over the semigroup S. Let W = W, UW, CV, 
U Vz = V; be such that W is a semigroup interval bilinear 
algebra over a subsemigroup P of S. We define W = W, UW; to 
be a subsemigroup interval bilinear subalgebra of V over the 
subsemigroup P of S. If V has no subsemigroup interval bilinear 
subalgebra then we define V to be a pseudo simple semigroup 
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interval bilinear algebra over the semigroup S. If V = V; UV; is 
both a simple semigroup interval bilinear algebra as well as 
pseudo simple semigroup interval bilinear algebra over the 
semigroup S then we call V to be a doubly simple semigroup 
interval bilinear algebra over the semigroup S. 


Example 4.2.20: Let V=V,U V2 = 


[0,a,] [0,a,] 7 
dca." Yong aS A 


be a semigroup interval bilinear algebra over the semigroup S = 
Z\2 under addition modulo 12. 
Choose W = W, U W2 = 


[0,a,] [0,a,] | where a, € Z,, 5 
0 [0,a,] | 1<is3 


a, € .24.6.8310) 


a, ez,;sts4} U [0,a, ]x' 
i=0 


[0,a,]x™ 
i=0 


1 


c V; U V2 = V be a subsemigroup interval bilinear subalgebra 
of V over the subsemigroup P = {0, 6} CZ. =S. 


Example 4.2.21: Let V=V,U V2= 


[ite et 8) Om crassa] v 
[0,a,] [0,a,] [0,a,] [0,a,]]} ° 


[0,a,] [0,a,] [0,a,] 
[O,a,] [0,a;] [0,a,] 
[0,a,] [0,a,] [0,a,] |Ja,; ¢Z,;1<1<15 
[9,aio] [0,a,,] [9,a,.] 
[9,a,;] [0,a,,] [0,a,;] 
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be a semigroup interval bilinear algebra over the semigroup S = 
Zs. Clearly S has no proper subsemigroups. 
Take W =W,U W2= 


[0,a,]} O [0,a,] 0 
0 [0,a,}) 0  [0,a,] 


[O,a,} 9 = [0,a,] 


a ezatsiss} U 


0 [0,a,] 0 
[0,a,] 0 [0,a,]| la,eZ,;1<i<8 
0 [0a] 0 


[0,a,] 90 — [0,a,] 


Cc V, U V2 be a semigroup interval bilinear subalgebra of V 
over the semigroup S = Zs. 

However V has no proper subsemigroup interval bilinear 
subalgebra as S has no proper subsemigroups in S = Zs; under 
addition modulo 5. 


Example 4.2.22: Let V=V, U V2= 


[0,a] [0,a] 
[0,a] [0,a] 
aeZ,, U 4|[0,a] [0,a] |/a eZ,, 
[9,a] | 
[9,a] | 


0,a] [0,a] 
0,a] [0,a] 


be a semigroup interval bilinear algebra over the semigroup S = 
Z,7. Clearly V has no semigroup interval bilinear subalgebra as 
well as V has no subsemigroup interval bilinear subalgebra. 
Thus V is a pseudo simple semigroup interval bilinear algebra 
over S. 
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Now having seen some of the substructures of the 
semigroup interval bilinear algebra we now proceed on to define 
more properties about them. 


DEFINITION 4.2.8: Let V = V; U V> be such that V; is a 
semigroup interval linear algebra over the semigroup S and V> 
is only a semigroup interval vector space over the same 
semigroup S and V> is not a linear algebra then we define V = 
V; UV> to be a quasi semigroup interval bilinear algebra over 


S. 


We will first illustrate this situation by some simple examples. 


Example 4.2.23: Let V=V, U V2= 


[0,a,] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,]| Ja, eZ° U{O};1<i<9} VU 
[0,a;] [0,a,] [0,a,] 


[0, a, ] ; | 
[0,a, | ,{[0,a,], [0,a,], [0,a;], [0,a,], [0,a.]] a. ee U {0}; 
[O,a, | 1<i<5 


be a quasi semigroup interval linear bialgebra over the 
semigroup S = 6Z" U {0}. 


Example 4.2.24: Let V=V,U V2 = 


{S108 ]x’ 


i=0 


a; <7} U 


{([0, ai], 0, [0, ay], 0, [0, a3]), (0, [0, ar], 0, [0, ap], 0) | ajc Za; 1 
<1< 3} be a quasi semigroup interval bilinear algebra over the 
semigroup S = Z47. 
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We can as in case of semigroup interval bilinear algebras 
define substructures. The definition is a matter of routine and is 
left as an exercise for the reader. 


How ever we will illustrate this situation by some examples. 


Example 4.2.25: Let V = V, U V2 = 


ees oy Hoa [0,a] [0,a] [0,a] [0,a]] 162 


[O,a] [0,a] 
a; Za} 


c V=V, U V2; W is a quasi semigroup interval bilinear 
subalgebra of V over the semigroup S = Z4)). 
Example 4.2.26: Let V = V, U V2= 

0,a 0,a] [0,a] [0,a 

10a] ,[0,a] Jae Z,- U Oa} [9a] [0a] a,beZ, 

[0,a] [0,b] [0,b] [0,b] 
be the quasi semigroup interval bilinear algebra over the 
semigroup S = Z3. 

+<2,| 


Consider W = W,; U W2= 
Cc V, U V2; W is a quasi semigroup interval bilinear subalgebra 
of V over Z3. 

If the quasi semigroup interval bilinear algebra V has no 
quasi semigroup interval bilinear subalgebras then we call V to 
be a simple quasi semigroup interval bilinear algebra. 


U [0,a, x” 
i=0 


[O,a] [O,a] [0,a] 
0 0 0 


{[0, a] | a €Z3} | 
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We will first illustrate this situation by some examples. 


Example 4.2.27: Let V = Vi U V2= 
[0,a] [0,a] | | [0,a] 

[0,b] [0,b] |’ [0,b] 

[0,a] [0,a] [0,a] [0,a] [0,a] 


[O,a] [O,a] [0,a] [0,a] [0,a]|] jae Z, 
[O,a] [0,a] [0,a] [0,a] [0,a] 


ane7,| U 


be a quasi semigroup interval bilinear algebra over the 
semigroup S = Zs. Clearly V has no quasi semigroup interval 
bilinear subalgebras. Hence V is a simple quasi semigroup 
interval bilinear algebra over S = Zs. 


We will now proceed on to give examples of quasi 
subsemigroup interval bilinear algebras. If the quasi semigroup 
interval bilinear algebra V has no quasi subsemigroup interval 
bilinear subalgebra then we call V to be a pseudo simple quasi 
semigroup interval bilinear algebra. If V is both a simple and a 
pseudo simple quasi semigroup interval bilinear algebra then we 
define V to be a doubly simple quasi semigroup interval bilinear 
algebra. 


Example 4.2.28: Let V=V, U V2= 


[0,a,] [0,a,]] [[0,a,] 
[0,a,] [0,a,]]’| [0,a,] 


aie Zig; 
; U 
1<1<6 


[0,a, | 
[0,a, | a.EZis; 
(0,a,] ,{[0,a,] [0,a,] [0,a,]] ery 
[0,a,] 
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be a quasi semigroup interval bilinear algebra over the 
semigroup S = Zig. 
Take W = WU W2= 


[0,a] [0,a] | | [0,a] 
[0,b] [0,b] |’] [0,b] 


U {[[0a,] [0,a,] [0,a,]] 


a,b € {0,2,4,6,8,10,12,14,16} c 2} 


a,€Z.31<i<3| 


Cc V; U V2 = V and P = P{0, 9} € Zig (P is a subsemigroup 
under addition modulo 18 of the semigroup Z)3). 

W is a subsemigroup interval bilinear subalgebra of V over 
the subsemigroup P CS = Zig. 


Example 4.2.29: Let V = V, U V2 = {All 5 x 5 interval matrices 
with intervals of the form [0, a)] where aj € Z” U {0}} U 


[9, a, ] 
[0,a, | 
fe el asl) | zt UM1<i<6 
[0,a,] [0,a,]|’| [0,a,] 
[0, a5] 
[ 


0,a, | 


be a quasi semigroup interval bilinear algebra over the 
semigroup S = Z" U {0}. Let W= W, U W2 = fall 5 x 5 interval 
upper triangular matrices with intervals of the form [0, a;] where 
ae ZU {0}} 
0 
[0, a] 
fe i 0 
aT 


a,a,,a,EeZ Uf{0 
[0,a,;] [0,a,] |’| [0,a] ee 8 
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c V,; U V2. W is a quasi subsemigroup interval bilinear 
subalgebra of V over the subsemigroup P = 3Z’ U {0} CZ U 
Example 4.2.30: Let V=V,U V2= 


{O} =S. 
|e ia | 
: aeZip VU 
[O,a] [0,a]| | [0,a] 

{({0O, a], [0, a], [0, a], [0, a], [0, a])|} a © Z7} be a quasi 
semigroup interval bilinear algebra over the semigroup S = Z7. 
Since S has no proper subsemigroups we see V is a pseudo 
simple quasi semigroup interval bilinear algebra over S = Z7. 
Further as V has no proper semigroup interval bilinear algebras 
we see V is a simple quasi semigroup interval bilinear algebra. 


Thus V is a doubly simple quasi semigroup interval bilinear 
algebra over the semigroup S = Z7. 


Now we can define bilinear transformation of quasi semigroup 
interval bilinear algebras V to W also the notion of bilinear 
operator of a quasi semigroup interval bilinear algebra V. 

This task is left as an exercise for the reader. 


4.3 Group Interval Bilinear Algebras and their Properties 


In this section we proceed on to define the notion of group 
interval bivector spaces and describe a few of their properties 
associated with them. 


DEFINITION 4.3.1: Let V = V; U V> be such that each V; is a 
group interval vector space over the additive group G for i = 1, 
2; such that 
(1) V, ZV, and V2 ZV, 
Vi OV2= gor non empty 
(2) For every v =v; Uv? €V; UV, =V andg €Ggv= 
gv, Ugv2 and vg = vig Uv2g belong to V = V; Ud>. 
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(3) Ov = O0.v; V0.1 
= 0V0e Vi UV2=V 
0 is the additive identity of G. 


We call V to be a group interval bivector space over the group 


G. 
We will illustrate this situation by some examples. 


Example 4.3.1. Let V= Vi U V2= 


[0,a] 

[0, b] 
[O,a] [0,a] 
|. [0,c] | ]a,b,c,d,ee Z,, 
[0,b] [0,b] 

[0, d] 

[0,e] 


U {([9, ai], [0, ao], [0, a3], [0, aa], [0, as]) | ai € Zi9; i I, we 3, 4, 
5} be a group interval bivector space over the group G = Zj9 (G 
is a group under addition modulo 19). 


Example 4.3.2: Let V=V,U V2= 
0,a, 
0,a,] 


[ 

[ 
[0, a; ] : 

a, EZ, J a,€Z,;1<1<6 
[ 
[ 


5 
[0,a, }x' 
2 0, a, | 


0,a, | 
0,a,] 


be a group interval bivector space over the group G = Z, under 
addition modulo 12. We see both the group interval bivector 
spaces are of finite order. Further it is important at this juncture 
to state that we cannot built in this manner group interval 
bivector spaces using Z” U {0} or R® U {0} or Q” VU {0} or C” 
U {0}; as they are not groups under addition. 

Thus we have our own limitations in dealing with them. 
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However we have infinite group interval bivector spaces 
using Z,. 


Example 4.3.3: Let V=Vi U V2= 


{Sioa 


i=0 


a, <2} U {210.8 10.9" 


i=0 i=0 


a,a; <2} 


be a group interval bivector space over the group G = Zp. 
Clearly V is of infinite order. 


We now proceed onto define substructures related with these 
structures. 


DEFINITION 4.3.2: Let V = V; UV> be a group interval bivector 
space over the group G. Let W = W,; UW? CV, Ub2; such that 
W is a group interval bivector space over the group G; then we 
define W to be a group interval bivector subspace of V over the 
group G. 

We say V is a simple group interval bivector space if V has 
no proper group interval bivector subspace. 


We will illustrate this situation by some examples. 


Example 4.3.4: Let V=V,U V2= 


[i222 Seoea tons waa) nezutsisa 
[0,a,] [O,a,] 
[0,a,] [0, a, 
[0,a,]  [O,a,] | Ja; €Z,,;1<i1<10 
[0,a,] [0,a, 
[0, a, [9, a, | 
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be a group interval bivector space over the group G = Z}s. 
Take W=W, UW,= 


a, €Z,.;1<i<3} U 


{([0.a,] [0,a,] [0,a,}) 
[O,a] [0,a] 
0 0 
[O,a] [0,a] |jaeZ,, 
0 0 
[O,a] [0,a] 


c V; U V2 = V; W is a group interval bivector subspace of V 
over the group G. 


Example 4.3.5: Let V=V,U V2= 


a,€ Zax 


U {all 10 x 10 square interval matrices with entries from I 
(Zo4g)} be a group interval bivector space over the group G = 


Z48. 
a, € Lyjg | 


Choose W = W; U W2= 
[0,a;]x 
i=0 
U {All 10 x 10 upper triangular matrices with entries from I 
(Zo4g) = {[0, ai] | ai © Zoag} C Vi U V2; W is a group interval 
bivector subspace of V over the group G = Zpas. 


i=0 


{Solo.8 


Example 4.3.6: Let V=V,U V2= 
[0,a] [0,a] 
[0,a] [0,a] 
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162.1 U 


[O,a] [0,a] [0,a] [0,a] 
[O,a] [0,a] [0,a] [0,a] 
[O,a] [0,a] [0,a] [0,a] | |aeZ,, 
[O,a] [0,a] [0,a] [0,a] 
[O,a] [0,a] [0,a] [0,a] 


be a group interval bivector space over the group G = Zjo. 
Clearly V is a simple group interval bivector space over G. 


Example 4.3.7: Let V=V,U V2= 


[0,a] [0,a] [0,a] [0,a] 
[0,a] [0,a] [0,a] [0,a]||aez,$uU 
[0,a] [0,a] [0,a] [0,a] 


[0,a] [0,a] 
[O,a] [0,a] ez 
[0,a] [0,a] 
[0,a] [0,a] 


be a group interval bivector space over the group G = Zs. It 1s 
easily verified V = V; U V> simple group interval bivector 
space over the group G = Zs. 


Now we proceed onto define the notion of subgroup interval 
bivector subspace of a group interval bivector space. 


DEFINITION 4.3.3: Let V = V; U V2 be a group interval bivector 
space over the group G. Let W = W; UW? CV; U V2 and (e) # 
H CG be a subgroup of G. If W = W, UW, is a group interval 
bivector space over the group H then we define W to be a 
subgroup interval bivector subspace of V over the subgroup H 
of G. If V has no subgroup interval bivector subspace then we 
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define V to be a pseudo simple group interval bivector space. If 
V is both a simple and pseudo simple group interval bivector 
space then we define V to be a doubly simple group interval 
bivector space over the group G. 


We will illustrate this situation by some examples. 


Example 4.3.8: Let V = Vi U V2 = {((0, ai], [0, aa], [0, a3], [0, 
a4]) | ai € Z483 1 <1<4} U 
a;€ Zf 


be a group interval bivector space over the group G = Zyg. Take 
W=W,UW2= {({0, ay], 0, [0, ay], 0) | ai € Z483 l<i< 2} U 


pac }x' 


i=0 


{Su a. ]x' 


a, € (0.24.68...) 


c V, U V2 and H = {0, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44} 
Cc Ga subgroup of Z4g under addition modulo 48. 

W is a subgroup interval bivector subspace of V over H the 
subgroup G. 


Example 4.3.9: Let V=V,U V2= 


a,€ 2, 


U {All 6 x 6 interval matrices with entries from I(Z;)} be a 
group interval bivector space over the group G = Z\s. 
Take W=W,U W2= 
a; € 2 


pacar 


i=0 


[0, a, ]x” 
i=0 
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U {6 x 6 upper triangular interval matrices with entries from I 
(Zis)} CV; U Vo; W is a subgroup interval bivector subspace of 
V over the subgroup H = {0, 9} c Zig. 


Example 4.3.10: Let V=V,U V2= 


{Sito a.€ 2, 


i=0 

U {set of all 11 x 15 interval matrices with entries from I (Z;,) 
= {[0, aj] | a; © Z;,}$} be a group interval bivector space over the 
group G = Z,;. We see G = Z;; 1s a simple group under addition 
modulo 11. Hence V is a pseudo simple group interval bivector 
space over G. 

However V has group interval bivector subspace so V is not 
a simple group interval bivector space over G. 


Example 4.3.11: Let V = V, U V2 = {({0, ai], [0, a2], [0, a3], [0, 
a4]) | ai € Z43} U 


[0,a] [0,b] 
[0,a] [0,b] 
[O,a] [0,6] a,beZ,, 
[0,a] [0,b] 
[0,a] [0,b] 
[0,a] [0,b] 


be a group interval bivector space over the group G = Z43. G has 
no proper subgroups hence V is a pseudo simple group interval 
bivector space over the group G = Z43. 


In view of this we have the following theorems. 
THEOREM 4.3.1: Let V = V; U V2 be a group interval bivector 


space over the group G = Z,; p a prime then V is a pseudo 
simple group interval bivector space over the group G = Z,. 
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The proof is left as an exercise to the reader. 


THEOREM 4.3.2: Let V = V; U V2 be a group interval bivector 
space over the group G = Z,, n not a prime, 
1. V in general is not a pseudo simple group interval 
bivector space over the group G 
2. V is nota simple group interval bivector space over G 
= Z. 


This proof is also straight forward and hence left as an exercise 
for the reader to prove. 


Now one can as in case of set interval bivector spaces define the 
notion of bilinear transformation of group interval bivector 
spaces. This task is also left as an exercise for the reader. Now 
we proceed onto define the notion of group interval bilinear 
algebras. 


DEFINITION 4.3.4: Let V = V; UV>2 be a group interval bivector 
space over the group G. We say V is a group interval bilinear 
algebra over the group G that is if both V; and V> are groups 
under addition. 

We will illustrate this situation by some examples. 

Example 4.3.12: Let V=V,U V2= 


[0,a,] [0,a,] [0,a,] [0,a,] 
[0,a;] [0,a,] [0,a,] [0,a¢] 


a,€ 2, 


be a group interval bilinear algebra over the group G = Z)>. V is 
of infinite order. 


a eZi1si58] U 


i=0 


{S10 Ix’ 
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Example 4.3.13: Let V=V,U V2= 


[0,a, | [0,a, | 
[0,a, ] [0,a, | eZ. 1Si<7 U 
[0,a. ] [0, a] 
[0,a, ] [0,a, ] 


[0,a,] [0,a,] [0,a,] [0,a,] [0,a5] 
[0,a,] [0,a,] [0,a,] [0,a,] [0,a,)] 


a. ezasisi0} 


be a group interval bilinear algebra over the group G = Z7. 
This V is of finite order. 


Now we proceed onto give some properties enjoyed by them 
and define some substructures associated with them. 


THEOREM 4.3.3: Let V = V; U V2 be a group interval bivector 
space over the group G; then in general V need not be a group 
interval bilinear algebra over the group G. 


The proof can be given by an appropriate example. 


THEOREM 4.3.4: Let V = V; UV> be a group interval bilinear 
algebra over a group G then V is a group interval bivector 
space over the group G. 


The proof directly follows from the definition of group interval 
bilinear algebras. 


DEFINITION 4.3.5: Let V = V; UV>2 be a group interval bilinear 
algebra over a group G. LetW = W, UW, CV, UV, = V; ifW 
itself is a group interval bilinear algebra over the same group G 
then we define W to be a group interval bilinear subalgebra of 
V over G. 

If V has no proper group interval bilinear subalgebra then 
we call V to be a simple group interval bilinear algebra. 
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We will illustrate this situation by some examples. 


Example 4.3.14: Let V=V, U V2= 


[O,a,] [0,a,] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,] [0,a,] || a, eZ,,;1<i<12 
[0, a, ] [9,a,0] [9,a,,] [0,a,,] 


1.67, 


be a group interval bilinear algebra over the group G = Z)). 
Take W=W, UW,= 


i=0 


| Ee 


[0,a, | 0 [0,a, ] 0 
0 [0,a,] 0 [0,a,]) }a,eZ,:1<i<6$U 
[0, a, ] 0 [0,a,] 0 


a,€Z,, | 


{Sto 


i=0 


Cc V; U V2 = V, W is a group interval bilinear subalgebra of V 


over the group G = Zj). 


Example 4.3.15: Let V = V, U V2 = {Collection of all 10 x 10 
interval matrices with intervals of the form [0, a;] with a; € Z9} 
U {set of all 5 x 5 interval matrices with intervals of the form 
[0, ai] where a; € Z29} be a group interval bilinear algebra over 
the group G = Z. Choose W = W,; U W> = {all 10 x 10 
diagonal interval matrices with entries from Zo where intervals 
are of the form [0, aj]} U {all 5 x 5 upper triangular interval 
matrices with intervals of the form [0, aj]; a; € Zoo} C Vi U V2; 
W is a group interval bilinear subalgebra of V over the group G. 
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Example 4.3.16: Let V=V,U V2= 


[ [ 

[O,a] [0,a] [0,a] [ [ 
[O,a] [0,a] [O,a]}/}aeZ,7 U4/[0,a] [0,a]|}aeZ,, 

[O,a] [0,a] [0,a] [ [ 

[ [ 


be a group interval bilinear algebra over the group G = Z;3. We 
see V has no proper group interval bilinear subalgebras hence V 
is a simple group interval bilinear algebra over the group G = 
Z\3. 


Example 4.3.17: Let V=V,U V2= 


[0,a] [0,a] 
bi He 162,} 4 [0,a] [0,a] igh 
[0,a] [0,a] [0,a] [0,a] 

[0,a] [0,a] 


be a group interval bilinear algebra over the group G = Z3. V 1s 
a simple group interval bilinear algebra over the group G = Z;3. 


DEFINITION 4.3.6: Let V = V; UV2 be a group interval bilinear 
algebra over a group G. Let W = W,; UW, CV, U v2 be a 
proper bisubset of V and H a proper subgroup of G. If W is a 
group interval bilinear algebra over the group H then we define 
W to be a subgroup interval bilinear subalgebra of V over the 
subgroup H of G. 


We will illustrate this situation by some examples. 


Example 4.3.18: Let V=V,U V2= 


1 


[0,a,] [0,a,] [0,a;] [0,a,] [0,a5] 
[0,a,] [0,a,] [0,a,] [0,a,] [0,a,9] 


a, c2,1st10| 
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[0,a,] [0,a,] 
[O,a;] [0,a,] 
df asl Mal, og aries 
[0,a,] [0,a,] ||" 
[ 


0,a,] [0,a,, | 
[0,a,)] [0,a,.] 


be a group interval bilinear algebra over the group G = Z»,4. 


Choose W = W,; U W2= 


ibe 0 [0,a] 0 Hel 
a, € Lig (VU 

[0,a] 0 [0,a] 0 [0,a]] | ' 

[0,a] 0 

0  [0,a] 

ee a7, 

0 [0,a}}] i 

[0,a] 0 

0 [0,a] 


c V, U V2 and H = {0, 3, 6, 9, 12, 15, 18, 21} CZ4=Ga 
proper subgroup of G under addition modulo 24. W is a 
subgroup interval bilinear subalgebra of V over the subgroup H 
of G. 


Example 4.3.19: Let V=V,U V2= 


[9, a, | 
[0,a, | 
[0,a, | 


[0,a, ] 
[0,a,] 
[0,a, | 


[9,5] 
[0, a, ] 
[0,a, |] 


a, €Z,5;,15159¢ U 
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[O,a,] [0,a,] [0,a;] [0,a,] 
sas] [Msae]. (sa) 1). 86] a, €Z,,;1<51<16 
[9,a,] [0,a,.] [0,a,,] [0,a,,] 
[9,43] [0,a4] [9.a,5] [0.2.6] 


be a group interval bilinear algebra over the group G = Z35. 
Take W=W,U W2= 


[0,a] [0,a] [0,a] 
0 [0,a] [0,a]|| a,eZ,,$U 
0 0 - [0,a] 


0,a, ] 
0,a, | 
0,a;;] 
0,a,; | 


0,a,] 
0,a, | 
0,4, | 
0,a,.] 


0,a,] [0,a,] 
0,a;] [0,a,] 
0,a,] [0,a,o] 
0,a;;] [9,a,,] 


a, € {0,5,10,15, 20,25, 30} CZ, 


eee OO eee | 


ere 
Fee == 


Cc V,; U V2 = V and H = {0, 7, 14, 21, 28} C Z35 a proper 
subgroup of Z35 under addition modulo 35. W = W,; U Wis a 
subgroup interval bilinear subalgebra of V over the subgroup H 
of G. 


Example 4.3.20: Let V=V,U V2= 
he el 
[0,a;] [0,a,] 


U {([0, ai], [0, a2], [0, a3], [0, aa], [0, as]) | ai ¢ Zs; 1 <1 <5} be 
a group interval bilinear algebra over the group G = Z;. As G 
has no proper subgroups we see V is a pseudo simple group 
interval bilinear algebra over the group G = Zs. We see V has 
proper group interval bilinear subalgebras over G. 


a ezatsiss} 
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For take W = W, U W2 = 


[0,a] [0,a] 
aeZsp U 
[0,a] [0,a] 
{([9, al, [0, a], [9, a], [0, a], [0, a]) | ae Zs} c Vi U V2 = V; W 
is a group interval bilinear subalgebra of V over the group G = 
Zs. So V is not a simple group interval bilinear algebra. Thus V 


is not a doubly simple group interval bilinear algebra over the 
group G. 


Example 4.3.21: Let V=V,U V2= 


[O,a] [0,a] [0,a] [0,a] 
[O,a] [0,a] [0,a] [0,a] 
[O,a] [0,a] [0,a] [0,a]| jae Z,, 
[O,a] [0,a] [0,a] [0,a] 
[O,a] [0,a] [0,a] [0,a] 


be a group interval bilinear algebra over the group G = Z)3. V is 
a simple group interval bilinear algebra over the group G = Z)3, 
as V has no group interval bilinear subalgebras. Further V is a 
pseudo simple group interval bilinear algebra as V has no 
subgroup interval bilinear subalgebra. Thus V is a doubly 
simple group bilinear algebra over G = Z)3. 

Now we can as in case of set interval bilinear algebras and 
semigroup interval bilinear algebras develop several properties 
about group interval bilinear algebras. 

We just show the existence of a class of pseudo simple 
group interval bilinear algebras. 
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THEOREM 4.3.5: Let V = V; UV> be a group interval bilinear 
algebra over the group G = Z,; p a prime. V is a pseudo simple 
group interval bilinear algebra over the group G. 


Proof: Follows from the fact that G is a group which has no 
proper subgroups. 


THEOREM 4.3.6: Let V = V; U V2 be a group interval linear 
algebra over the group G = Z,, n not a prime and V, and V> 
take entries from Z,. Then G is not a simple group interval 
bilinear algebra as well as G is not a pseudo simple group 
interval bilinear algebra. 


The proof is obvious from the fact that Z, has subgroups when n 


is not a prime and V, and V> constructed over Z, will certainly 
yield sub bispaces or sub bilinear algebras. 


Example 4.3.22: Let V=V,U V2= 


ing [0,a] ie 
aeZi,¢ VU 
[O,a] [O,a] [0,a] 
[O,a] [0,a] [0,a] 
[0,a] [0,a] [0,a] 
aeZ,, 
[O,a] [O,a] [0,a] 
[0,a] [0,a] [0,a] 


be a group interval bilinear algebra over the group G = Zp. 
Take W=W, U W2= 


a € {0,5,10,15} Z| e) 
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[O,a] [O,a] [0,a] 
[0,a] [0,a] [0,a] a € {0,5,10,15} CZ, 
[O,a] [O,a] [0,a] 
[0,a] [0,a] [0,a] 


Cc V, U V2; W is a subgroup interval bilinear subalgebra over 
the subgroup H = {0, 5, 10, 15} c Zoo. 

Now having seen some of the basic properties of group 
interval bilinear algebras, we can as in case of other bilinear 
algebras define bilinear transformation and bilinear operator. 


We can define some more properties like quasi group bilinear 
algebra. 


DEFINITION 4.3.7: Let V = V; UV> be a group interval bivector 
space over the group G, if one of V; or V>2 (or in the mutually 
exclusive sense) is a group interval linear algebra then we 
define V to be a quasi group interval bilinear algebra over the 
group G. 


We will illustrate this situation by some examples. 


Example 4.3.23: Let V=V,U V2= 


[O,a] [0,b] 

[0,b] [0,a] 

[O,a] [0,b] 

[(0,b] [0,a] 
fee [0,a,] al (0,a] [0.b] a,,a,beZ,.; 
[0,a,] [0,a,] [0,a,] (0,b] [0.a] 1<1i<6 

[O,a] [0,b] 

[0,b] [0,a] 

[O,a] [0,b] 
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{Sto 


a, € Zs} 


be a quasi group interval bilinear algebra over the group G = 
Z45. 


Example 4.3.24: Let V=V,U V2 = 


[0,a] [0,b] 
[0,c] [0,d]| |a,b,c,d,e,f eZ,,,. ¢ U 
[O,e] [0,f] 


{Dios ([0,a,] [0,a,] --- [0,a,]) 


digas setuds <0} 


be a quasi group interval bilinear algebra over the group G = 
Zn40- 

Now we can as in case of group interval bilinear algebras 
define two types of substructures. We will however illustrate 
this situation by some examples. 


Example 4.3.25: Let V=V,U V2= 


{S108 1,24} U 

i=0 

[0,a,] [0,a,] 

O,a O,a 

ee eee [0,a,] [0,a,] 

[0,a, [0,a, ’ a, €Z,431<1<10 
[0,a,] [0,a,] 

[0,a,] [0,a, 

[ 


be a quasi group interval bilinear algebra over the group G = 
Z 14. Take W = W,U W2= 
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{3 a, |x”! 


a; £2} 


[O,a] [0,a] 

ee bie sl 

[O,a] [0,a] |, a eZiy 
[O,a] [0,a] 

[O,a] [0,a] 

[O,a] [0,a] 


c V; U V2 be a quasi group interval bilinear subalgebra of V 
over the group G = Zj4. 


Example 4.3.26: Let V=V,U V2= 


[O,a,] [0,a,] [0,a,] [0,a,] 
[as] [0a.] [0.a,] (as]]) 5 seserel y 
(Osa) 1 Oai5 | LOaa (agi oe 
[0,43] [0,44] [0,45] [0,416] 
[0,a, 
oo ([0,a,],[0.a,].[0,a,]) |a,¢Z,s1<i<4 
[0,a,] 


be a quasi group interval bilinear algebra over the group G = 
Z 8. Take W = W,U W2= 
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[0,a,] [0,a,] [0,a;] [0,a,] 
[0,a,] [0,a,] [0,a;] [0,a,] Re ree 
[0,a,] [0,a,] [0,a;] [0,a,] 
[0,a,] [0,a,] [0,a;] [0,a,] 


,([0,a],[0,a],[0,a]) a; € Lis 


c V; U V> be a quasi group interval bilinear subalgebra of V 
over the group G = Z\s. 


Example 4.3.27. Let V=V,U V2= 


[O,a] [0,a] [0,a] 
[O,a] [0,a] [0,a]}| aeZ,- U 
[O,a] [0,a] [0,a] 


[0,a] [0,a] 
rovay,| et Allez, 
[0,a] [0,a] 

[0,a] [0,a] 


is a quasi group interval bilinear algebra over the group G. We 
see V is a simple quasi group interval bilinear algebra as V has 
no quasi group interval bilinear subalgebras. 


Example 4.3.28: LetV=V,;UV2= 


[O,a] [0,a] [0,a] [0,a] 
[0,a] [0,a] [0,a] [0,a]|jaeZ,7 U 
[O,a] [0,a] [0,a] [0,a] 
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[0,a] 
[0,a] 
[0,a] 
[0,a] |,([0,a] [0,a]) |aeZ,, 
[0,a] 
[0,a] 
[0,a] 


be a quasi group interval bilinear algebra over the group G = 
Z47. Clearly V is a simple quasi group interval bilinear algebra 
over the group G = Zy. 


Next as in case of group interval bilinear algebras define the 
same notion in case of quasi group interval bilinear algebras. 
We will only illustrate this situation by some examples and the 
task of giving the definition is left as an exercise to the reader. 


Example 4.3.29: Let V=V,U V2= 


[0,a,] [0,a,] [0,a,] [0,a,] 
[0,a;] [0,a,] [0,a,] [0,a,] 


seZqi1sissl U 


,>[0,a,]x' a, €Z,.;1Si <6 


be a quasi group interval bilinear algebra over the group G = 
Zag. Take H = {0, 2, 4, 6, 8, 10, 12, ..., 46} C Z4g to be a proper 
subgroup of G = Z4g. Choose W = W, U W2 = 
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[0,a,] [0,a,] [0,a;] [0,a,] 
[0,a;] [0,a,] [0,a,] [0,a.] 


a; <Z} 


Cc V; U V2, W is a quasi subgroup interval bilinear subalgebra 
of V over the subgroup H € Z4s. 


a etki sisal U 


¥ [0.a, ]x' 


i=0 


We call a quasi group interval bilinear algebra which has no 
quasi subgroup bilinear subalgebra to be pseudo quasi simple 
group interval bilinear algebra. 


Example 4.3.30: Let V=V,U V2= 


[9,a,] [0,a,] 
[0,a,] [0,a,]|,([0,a,] [0,a,] [0,a,])la, €Z,,;1<i<6} U 
[0,a,] [0,a,] 


be a quasi group interval bilinear algebra over the group G = 
Z\3. G has no proper subgroups, hence V is a pseudo simple 
quasi group interval bilinear algebra over the group G = Z)3. 
However V is not a simple quasi group interval bilinear algebra 
over the group G = Z)3. For take W = 


[0,a] [0,a] 
[0,a] [0,a]|,((0,a] [0,a] [0,a])|aeZ,}U 


[O,a] [0,a] 
S [0,a, ]x” a, 2. 


1 
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Cc V, U V2 is a quasi subgroup interval bilinear subalgebra of V 
over the group G = Z}3. 

Thus V is not a doubly simple quasi group interval bilinear 
algebra over the group G = Z}3. 


Example 4.3.31: Let V=V,U V2 = {[0, a] | a € Za3} U 


[0,a] 
{([0, a], [0, al), [0,a] | ae Z43} 
[0,a] 


be a quasi group interval bilinear algebra over the group G = 
Z43. V is a doubly simple quasi group interval bilinear algebra 
over the group G = Z4;. 


Example 4.3.32: Let V= VU V2= {([0, a], [0, a], [0, a], [0, a], 
[0, a]) ae Zy}U 


[0,a] [0,a] sens : 
0,2] [0,a] |’ 2! © ad la e 2a} 


be a quasi group interval bilinear algebra over the group G = 
Z47. V is a doubly simple quasi group interval bilinear algebra 
over the group G = Zy. 


THEOREM 4.3.7: Let V = V; U V2 be a quasi group interval 
bilinear algebra over the group G = Z,; p a prime. Then V is a 
pseudo simple quasi group interval bilinear algebra over the 
group G = Z,, 


Proof is straight forward and hence left as an exercise for the 
reader. 

We see in general all quasi group interval bilinear algebra 
over Z,, p a prime need not be a simple quasi group interval 
bilinear algebra over Z,. 
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Example 4.3.33: Let V = V, U V2 = {([0, ai], [0, a2], [0, a3], [0, 
as], [0, as]) | aie Z7, 1<1<5}U 


[0,a,] 

[0,a,] [0,a,] 9,2] 

live a [0,a,] }la, ¢Z,;1<i<5 
[0,a, | 
[0,a,] 


be a quasi group interval bilinear algebra over the group G = Z7. 
Take W = {([0, ai], [9, a], 0, 0, [9, a3]) | ai € Ly; oes 3} U 


[0,a] 
Pa el [0,a] | |aeZ, 
0 [0,a] 
0 
[0,a] 


=W,UW.2cC V; U V2, W is a quasi group interval bilinear 
subalgebra of V over the group G = Z;. Thus V is not a simple 
quasi group interval bilinear algebra over the group G = Z,. 
Infact V has several such quasi group interval bilinear 
subalgebras. 


Now we have a class of quasi group interval bilinear algebras 
which are not simple or pseudo simple. We illustrate this by the 
following theorem. 


THEOREM 4.3.8: Let V = V; U V2 be a quasi group interval 
bilinear algebra over the group G = Z,; n not a prime. V in 
general is not a doubly simple quasi group interval bilinear 
algebra over Z, = G. 


Proof is straight forward and is left as an exercise for the reader. 
Now we proceed onto define yet another new structure. 
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4.4 Bisemigroup Interval Bilinear Algebras and Their 
Generalization 


In this section we define the notion of bisemigroup interval 
bilinear algebras, bigroup interval bilinear algebras,  set- 
semigroup interval bilinear algebras set group interval bilinear 
algebras and semigroup group interval bilinear algebras and 
describe some of their properties. 


DEFINITION 4.4.1: Let V = V; U V2 where V; is a semigroup 
interval vector space over the semigroup Sj, i = 1, 2, such that 
V, ZV. V> ZV, and §, ZS, S; 4S) and S§> ZS}. We define V= 
Vi U V2 to be a bisemigroup interval bivector space over the 
bisemigroup S = S; US). 


We will illustrate this by some examples. 


Example 4.4.1: Let V=V,U V2= 


[0,a,] 
i [0,a,] ae [0,a,] iT OT has 
[0,a,] [0,a5] [0,a,]] | [0,43] 
[ 


0,a,] 


[0,a,] [0,a,] [0,a, ] . 
([0.a,] ee [0,45] [0,a,]), [9,a,] [0,a,] [0,a, | eee 


1<i<9 
[0,a,] [0,a,] [0,a,] 


be a bisemigroup interval bivector space over the bisemigroup S 
SS US Zs {0} U Zo. 
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Example 4.4.2: Let V=V,U V2= 


[0,a,] [0,a,] 
[0,a;] [0,a,]|,((0.a,] [0,a,])}a,eZ,;1<i<6$ U 
[9,a;] [0,a,] 


[0, a, ] 

[0,a, ] a, €Zy3 
([0,a, ] [0,a, | [0,a, | ee eee 

[0,a,] 


be a bisemigroup interval bivector space over the bisemigroup S 
=§$, US. =Z7 U Zo. 

Now if in the definition 4.4.1 each V; is a semigroup 
interval linear algebra over S;, 1 = 1, 2 then we call V to be a 
bisemigroup interval bilinear algebra over the bisemigroup S = 
Si U S>. 


We will illustrate this situation by some examples. 


Example 4.4.3: Let V=V,U V2= 


[O,a,] [0,a,] [0,a;] [0,a,] 
[0,a,] [0,a,] [0,a,] [0,a,] Ja, eQ° U{O}? LU 
[0,a,] [0,a,,] [0,a,,] [0,a,,] 


a, Zs} 


be a semigroup interval bilinear algebra over the bisemigroup S 
=$; US, =(Q' U {0}) U Zna3. 


[leas 


i=0 
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Example 4.4.4: Let V = V; U V2 = {all 10 x 10 interval 
matrices with intervals of the form [0, aj] with a, e R® U {0}} U 


0, 0, 
(0.0) [al] |e 
[0,b] [0,b] 
be a bisemigroup interval bilinear algebra with the bisemigroup 
S=R'u {0} UZz. 


Both the bisemigroup interval bilinear algebras in example 4.4.3 
and 4.4.4 are of infinite cardinality. 


Example 4.4.5: Let V = V,U V2= 
[9,a,] [0,a, ] 
[0,a,] [0,a,]| a, eZ,,;151<67 VU 
[O,a;] [0,a,] 


[0,a,] [0,a,] [0,a;] [0,a,] [0,a5] 
[0,a,] [0,a, ] [0,a, ] [0,a, ] [0, ao] 


a, EL; 
1<i<10 


be a bisemigroup interval bilinear algebra over the bisemigroup 
S = Z17 U Zio2. We see the bisemigroup interval bilinear algebra 
given in example 4.4.5 is of finite order. 


We have as in case of other bilinear algebras the following 
theorem to be true. 


THEOREM 4.4.1: Let V = V; U V2 be a bisemigroup interval 
bilinear algebra over the bisemigroup S = S; US. V is clearly 
a bisemigroup interval bivector space over the bisemigroup S = 
S; U S2; however if V is a bisemigroup interval bivector space 
over the bisemigroup S = S; U S2; V need not in general be a 
bisemigroup interval bilinear algebra over the bisemigroup S = 
Ss) US. 
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The proof is simple and straight forward so left as an 
exercise to the reader. 

Now as in case of other bisemigroup linear algebras and 
bisemigroup vector spaces we can define substructures. 


Here we only illustrate these situations by some examples. 


Example 4.4.6: Let V=V,U V2= 


[0,a,] 
see arate be a.€Z,.31<i<4+ U 
(Oia) (Oat alo 
[ 


0,a,] 


[0,a, ] [0,a, ] [0,a5 ] 
([0,a,] [0,a,] [0,a;] [0,a,]),) [0,a,] [0,a;] [0,a,] 
[0,a, ] [0,a,] [0,a,] 


be a bisemigroup interval bivector space over the bisemigroup S 
= Si U S> = 713 U Zig. 
Take W = W, UW)2= 


[0,a, ] 
[0,a] [0,a]] | 0 
ee a [0,a, | 

0 


a.4,€Z3¢7 U 


[0,a] [0,a] 0 
([0,a,] [0,a,] 0 0),| 0 0 [0,a]]|]a,a,,a, €Z,, 
0 0 0 


Cc V=V, U V2 is a bisemigroup interval bivector subspace of V 
over the bisemigroup S = S; U S2 = Z}3 U Zips. 
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Example 4.4.7: Let V=V,U V2= 


[0, a, | [0,a, ] 
[0,a,;] [0,a,] Osa aad PADS 
[O,a,] [0,a,] 1<j<8 ijeZ UO} 
[0, a, ] [0, a, | 
[9, a, ] 
O,a 
= i ee a;,a, EZ); 
>[0,a;Jx's}[0,a,]] | 
= l<js5 
[9,a,] 
[0, a; ] 


be a bisemigroup interval bivector space over the bisemigroup S 
=$;U S82. = (Zu {0}) v {Zi}. 
Let W=W, U W2= 


[0,a] [0,a] 
0 0 
[0,a] [0,a]]’ 
0 0 


[0,a 


— 


aeZ U{O}e U 


[0,a, ] 
7 0 
>,[0,a,]x”;| [0,a,]| | a;,4,,a,,a, €Z,, 
i=0 
0 
[0,a,] 


c V, U V2 is a bisemigroup interval bivector subspace of V 
over the bisemigroup S = (Z* U {03) U Zi). 


180 


Example 4.4.8: Let V=V,U V2= 


[0,a,] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,]||a, eZ 
[0,a,] [0,a,] [0,a,] 


ek Si Soe 


a, E€Z,3;1<51<6 


be a bisemigroup interval bilinear algebra over the bisemigroup 
S=S, U S. = Z15 U Zig. 


Take W=W, U W2= 


[O,a,] 0 0 
0 [0,a,] 90 a, €Z,,;5151<537 U 
0 0 = [0,a,] 


a, E€Z,.;151<3 


cV,U V2=V, W is a bisemigroup interval bilinear subalgebra 
of V over the bisemigroup S = S; U Sp = Z)5 U Zi. 
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Example 4.4.9: Let V = V,; U V2 = {All 12 x 12 interval 
matrices with intervals of the form [0, ai]; a; € Z4g} U 


a,€ Za} 


be a bisemigroup interval bilinear algebra over the bisemigroup 
S= S; U S.= Zag U Lao. Choose W = W, UU W2= {All 12x 12 
upper triangular interval matrices with intervals of the form [0, 
ai]; ai € Zag} U 


{Zion 


i=0 


i=0 


pa a, |x’ 


a. <2} cV,UV); 


W is a bisemigroup interval bilinear subalgebra of V over the 
bisemigroup S. 
Now one can define bisubsemigroup interval bivector 
subspaces and bisubsemigroup interval bilinear subalgebras. 
The task of defining these notions are left as an exercise to 
the reader. 


We will however illustrate these situations by some examples. 


Example 4.4.10: Let V=V,U V2= 


[0,a, 
[0,a, 
[0,a,] [0,a,] [0,a,] [0,a,] rO.a a, E2445 
[0,a;] [0,a,] [0,a,] [O,a,])]- * |} 1<i<8 
[0,a, 
[0,a. 
ae a a 5.4; € Zi50; 
= a ,4 : 
U >,[0,a;] a J [aa] l<i<o, 
i=0 [0, a. [0,a,] 7 
1<j<8 
[0,a,] [0,a, 
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be a bisemigroup interval bivector space over the bisemigroup S 
= Si U S> = Zo4 U Zi150. 
Take W = W, UW,= 


[0,a, | 


0 
[0,a] 0 [0,a] 0 
[0 | 0) [0 ] 0 5 [0,a, | a,a,,a,,a; €Z,, VU 
5a 5a 


0 
[0,a, ] 


CV; UV2= Vand T=T, U To = {0, 3, 6, 9, 12, 15, 18, 21} U 
£0, 10, 20, ..., 140} CS, U So. 


It is easily verified W is a bisubsemigroup interval bivector 
subspace of V over the bisubsemigroup T = T; U T, of S=S; U 
S>. 


Example 4.4.11: Let V = V, U V2= {All 9 x 9 interval matrices 
with intervals of the form [0, aj]; aj ¢ Z” U {03} U {All 4x 5 
interval matrices with intervals of the form [0, a;]; a; € Z14} be a 
bisemigroup interval bilinear algebra over the bisemigroup S = 
S,;U S2.= Z U {0} Ky) Za 

Take T =T, UT: = {3Z U {03} U {0, 2, 4, 6, 8, 10,12}. c 
S,US=Z° U {0} U Zi, and W = W,; U W2 = {All 9 x 9 
interval matrices with intervals of the form [0, a;] with a; € 7Z 
U {0}} U 
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[(0,a] O [0a] 0 [0,a] 
0 [0a] 0 [Oa] 0 
[(0,a] O [0a] 0 [0,a] 
0 [0a] 0 [0a] 0 


aEZ, 


cV,U V>. 

Clearly W is a bisubsemigroup interval bilinear subalgebra 
of V over the bisubsemigroup T = T; U T; = 3Z’ U {0} U 2Zi4 
Kc V,U V>. 

If V has no proper bisubsemigroup interval bilinear 
subalgebras we call V to be a simple bisemigroup interval 
bilinear algebra. If V has no proper bisubsemigroup interval 
bilinear subalgebras we call V to be a pseudo simple 
bisemigroup interval bilinear algebra. If V is both simple and 
pseudo simple then we call V to be a doubly simple 
bisemigroup interval bilinear algebra. 


We will illustrate all these three situations by examples. 


Example 4.4.12: Let V = V; U V2 = {All 8 x 8 upper triangular 
interval matrices with entries from [0, a;] with a; € Z7} U 


a, € 2 


be a bisemigroup interval bilinear algebra over the bisemigroup 
S =S,; U 8S: = Z, U Zio. V is a pseudo simple bisemigroup 
interval bilinear algebra but is not a simple bisemigroup interval 
bilinear algebra as W = W; U W) = {all diagonal interval 
matrices with intervals of the form [0, aj] | a; € Z7} U 


a, 2.| 


{Su a, ]x’ 


i=0 


{de a. ]x” 


i=0 
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Cc V,; U V> 1s bisemigroup interval bilinear algebra over the 
bisemigroup S = Z7 U Zio so V is not simple. As S = Z7 U Zio 
has no proper subsemigroups V is pseudo simple. Thus V is not 
doubly simple. 


Example 4.4.13: Let V=V,U V2= 


[0,a] [0,a] 
aEeZi- VU 
[0,a] [0,a] 
[0,a] [0,a] [0,a] [0,a] 
[0,a] [0,a] [0,a] [0,a]|jaeZ, 
[0,a] [0,a] [0,a] [0,a] 
be a bisemigroup interval bilinear algebra over the bisemigroup 
S=S, U S. = {Z7} U {Z\,}. We see V is a doubly simple 
bisemigroup interval bilinear algebra over the bisemigroup S = 
S,;U 82. = Z7U Z4. 


We have a class of pseudo simple bisemigroup interval bilinear 
algebras over a bisemigroup S = S; U Sp. 


THEOREM 4.4.2: Let V = V; U V2 be a bisemigroup interval 
bilinear algebra over the bisemigroup S = S; US) = Z, UZ, 
where p and q two distinct primes. Then V is a pseudo simple 
bisemigroup interval bilinear algebra over S. V need not in 
general be simple. 


The proof is left as an exercise to the reader. 


THEOREM 4.4.3: Let V = V; U V2 be a bisemigroup interval 
bilinear algebra over the bisemigroup S = S; US? = Zy UZ 
where m #n and m and n are not primes. Then V not in general 
a doubly simple semigroup interval bilinear algebra over the 
bisemigroup S = S; US? = Zn UZ. 


The proof is left as an exercise for the reader. 
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THEOREM 4.4.4: Let V = V; U V2 be a bisemigroup interval 
bilinear algebra over the bisemigroup S=S; US) where 
one of S,; is ZU {0} or O° U {0} or R’ U {0} and other S> is Z, 
or some subsemigroup of ZU {0} or O° VU {0} or R° U {0} 
such that S; ZS; and S; ¢ S; then V is not a doubly simple 
bisemigroup interval bilinear algebra over the bisemigroup. 


This proof is also left for the reader. 
We will give some illustrative examples. 


Example 4.4.14. Let V=V,U V2= 


[0,a] [0,a] [0,a] 
[0,a] [0,a] [O,a]}laez*UHsuU 
[0,a] [0,a] [0,a] 


[ 
[ 
[ 
[0,a] | ]a € Z,. 
[ 
[ 
[ 


be a bisemigroup interval bilinear algebra over the bisemigroup 
S= Si U a7 & {0} U Las. 
Take W = W,UW> 


[0,a] [0,a] [0,a] 
= |[0,a] [0,a] [0,a]||ae3zZ' UsOY$ U 
[0,a] [0,a] [0,a] 
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[ 
[ 
[ 
[0,a] | | a € {0,5,10,15, 20, 25, 30,35, 40}  Z,, 
[ 
[ 
[ 


c V; U V2 is bisubsemigroup interval bilinear subalgebra of V 
over the bisubsemigroup T = T; U T2 = 3Z’ u {0} U {0, 5, 10, 
15, 20, 25, 30, 35, 40} CS; US,=Z VU {0} U Zayas. Thus V is 
not a pseudo simple bisemigroup interval bilinear subalgebra of 
V over the bisubsemigroup T = T; U Tz cS; U So. 

Also W is a bisemigroup interval bilinear subalgebra of V 
over the bisemigroup S = S; U Ss so, V is not a simple 
bisemigroup interval bilinear algebra over the bisemigroup S = 
S,U S2= Zu {0} U Las. 


Example 4.4.15: Let V=V,U V2= 


[0,a,] [0,a,] 
[0,a,] [0,a,]||a, ¢3Z* U}$uU 
[9,a;] [0,a,] 


£({0, ai], [0, az], ..., [0, aio]) | ai € 7Z° U {03} be a bisemigroup 
interval bilinear algebra over the bisemigroup S = S; U S; = 
BZ" U {Ol} VU {7Z" U {0}}. It is easy to verify V is not a 
doubly simple bisemigroup interval bilinear algebra over the 
bisemigroup S. 


Now we define set- semigroup interval bivector space over the 


biset S = S; U S, where one of S; is a semigroup and other is a 
set, 1= 1, 2. 
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DEFINITION 4.4.2: Let V = V; U V> be such that V; is a set 
interval vector space over the set S; and V> is a semigroup 
interval vector space over the semigroup S>. Then we define V = 
V; UV> to be a set- semigroup interval bivector space over the 
set- semigroup S = S; US). 


We will illustrate this situation by some examples. 


Example 4.4.16: Let V=V,U V2= 


[9,a,] [0,a,] 
[0,a,] [0,a,]],([0,a,] [0,a,] [0,a,])] a, © {0,1,2,4,8,12,15} 
[0,a;] [0,a,] 


0,a,]| | [0,a,] [0,a,] [0,a,] 
O,a,]}|[0,a,] [0,a;] [0,a,] | ja, eZ* U {0}, 
0,a;,]|’] [0,a,] [0,a,] [0,a,]} |1<i<12 

0,a,]||[0,a,,] [0,a,,] [0,a,,] 


[ 

[ 
U 

[ 

[ 


be a set-semigroup interval bivector space over the set- 
semigroup S = S; US) = {0, 1} U {3Z7 U {08}. 


Example 4.4.17: Let V=V,U V2 = 


[9, a, ] 
[0,a, ] ([0,a, ] [O,a,] ... [0,a, ]) a, € {0,1,2,...,0}7 U 
[0,a, ] 


{ee A ((0,a 


a,a,,a,,a,,a, € {1,1+1,1,0,2,4 
[0,a,] [0,a,] en | 


be a semigroup- set interval bivector space over the semigroup 
set S=S, US) =3Z' vu {0} U £1, 0}. 
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We can as in case of other interval algebraic structures 
define substructures. We will leave the task of giving formal 
definitions to the reader but, however we will give some 
illustrative examples. 


Example 4.4.18: Let V=V, U V2= 


[0,a,] [0,a,]} 2 r : 
Pee [0, aD [0,a, ]x" | a, €Q vo U 


a, | 
a1 a,,a, €{V3,V5,V15,Z* U (0}} 


[0, 

[0, 
0,a 

a oa. 

[0 


_ 


be a semigroup-set interval bivector space over the semigroup 
set S=S,; US =Q*U {NU {0,V3,LV5,Vi5} 


Take W =W,U W2= 


[Po adh eam acevo» 


[0, a] 
[0,a, ], : a,a, € {0,V3,V5,V15,4Z* U (0}} 
[0, a] 


cV=V,U V2; W is semigroup set interval bivector subspace 
of V over the semigroup-set S = S; U Sp. 


189 


Example 4.4.19: Let V=V,U V2= 


[0,a, ] 
[0,a,] [0,a,] [0,a,] [0,a,]} | [0,a, ] 
ee [0,a,] [0,a, ] ae [0,a, ] a € (0,1,2,v3,V41,7,9} 
[0,a,] 
[0,a,] [0,a, 
[0,a,] [0,a, ] 
[0,a,] [0,a,] a, € Zy85 
U feat (Ose8 1 ,([0,a,] [0,a,] ee) een 
[0,a,] [0,a,,] 
[9,a,,] [0,a,,] 


be a set-semigroup interval bivector space over the set- 
semigroup S = S; US) = {0, 1} U {Zag}. 
Take W = W,U W2= 


[0,a] 
[0,a] [0,b] [0,a] [0,b]]} 0 
fae [0,a] [0,b] a [0,a] a,b {0,1,2,/3,V41,7,9} 
0 
[0,a] 0 
0 [0,b] 
0, 0 
oe [0,b] ,((0,a] [0,b] 0) a,beZ,, 
[0,a] 0 
0 [0,b] 


c V; U V2. W is a set-semigroup interval bivector subspace of 
V over the set-semigroup S = S; U So. 
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Example 4.4.20: Let V = V, U V2 = {All 10 x 10 interval 
matrices with entries of the form [0, a;] with aj € Q” U {0}} U 


Yi ax’: [0, a, ] [0,a, | [0,a;] a,,a, €{5Z* U {0}, V19, V2, V5}; 
os"! 10,a,] [0,a5] [0,a,] 


1<j<6 
be a semigroup —set interval bivector space over the semigroup- 
setS =S; US =Q*U {0} U {5Z" U {0}, V19,V2,V5 }. 
Take W = W, U W>= {All 10 x 10 upper triangular interval 
matrices with entries of the form [0, a;] with aj € Q* U {0}} U 


2 i. [O,a] [0,a] [0,a] 
Sex: [0,2] a 
CV, UV, and T=T, U T2 = (7Z" U {0}) U {10Z" U {0}, 
V2} €S;US.=Q*U {0} U {5Z" U {0}, V19,V2,V5 }. W = 


W, U W> is a subsemigroup-subset interval bivector subspace 
of V over the subsemigroup-subset T = T, U T2 of S=S; U Sp. 


ne (SZ" ¥ 0 V.2.5F} 


Example 4.4.21: Let V = V; U V2 = {collection of all 5 x 5 
interval matrices with entries of the form [0, aj]; and 1 x 8 
interval matrices of the form [0, b;] with b;, aj € {1 IZ’ u {0}, 


V3,V7,V19, V41,V23,V43,V101} = S;} U {Collection of all 


16 x 16 interval matrices with intervals of the form [0, a;] and 
all 7 x 1 interval matrices with intervals of the form [0, b;]; ai, b; 
€ 7Z' U {0} = S85} be a set-semigroup interval bivector space 
defined over the set-semigroup S = S; U Sp. 

Take W = W,; U W2= {Collection of all 5 x 5 diagonal 
interval matrices with intervals of the form [0, aj], ([0, a], 0, [0, 
a], 0, [0, a], 0, [0, a], 0) /a;,a © S,} U {Collection of all 16 x 16 
upper triangular interval matrices with intervals of the form [0, 
a;] and 
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[9, a, ] 
0 
[9, a, ] 
0 a,,a,€7Z° U{0};1<5 js 4} 
[0, a, ] 
0 
[0,2] 


CV, U Vo and T=T; UT) = {33Z* U {0}, V3, V19,V101} U 
{21Z" U {03} cS, U Sy. W is a subset-subsemigroup interval 
bivector subspace of V over the subset-subsemigroup T = T, U 
Thc Si U S> =S. 

If in the definition of the set-semigroup (semigroup-set) 
interval bivector space V = V; U V2 over S = 8S; U So if Vi is a 
set interval linear algebra and V, is a semigroup interval linear 
algebra then we define V to be a set-semigroup interval bilinear 
algebra over S = S; U Sp. 


We will illustrate this situation by some examples. 


Example 4.4.22: Let V=V, U V2= 


Y [0,a, ]x’ 


U {All 5 x 5 interval matrices with intervals of the form [0, ai] 
and a; € Zs} be a set-semigroup interval bilinear algebra over 
the set- semigroup, S = S; U Zag= 8S, U Sp. 


4 


a,b, € {13Z* U {0}, a, +b, V13, 
a. +b,V2,a, +b,V3}=S, 


Example 4.4.23: Let V=V,U V2= 


[0,a,] [0,a,] [0,a,] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,] [0,a,] [0,a,,] 


a eQ’u a 
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U {All 3 x 3 interval matrices with intervals of the form [0, aj] / 
a; € Zo7} be a semigroup-set interval bilinear algebra over the 
semigroup set S=S,; US, =Z' uU {0} u {{0, 1, 2, 3, 9, 14, 203 
C Zo7}. 


Now we give examples of substructures. 


Example 4.4.24: Let V = V; U V2= {all 9 x 9 interval matrices 
with intervals of the form [0, a;] with a; € Zo49} U 


[0,a, ]x’ 


be a semigroup set interval bilinear algebra over the semigroup- 
set S = Si U S> = Z49 VU {8Z" U {0}, 5Z" U {O}}. 

Take W = W,; U W2= {All 9 x 9 interval upper triangular 
matrices with entries from Z49} U 


{de a. |x” 


i=0 


a,eZuU | 


a; eZ" v0 CV, UV); 


W is a semigroup set interval bilinear subalgebra of V over the 
semigroup-set S = S; U Sp. 


Example 4.4.25: Let V=V,U V2= 


[0,a,] [0,a,] [0,a,] [0,a,] 


(e5Z* U0: 

[0,a,] [0,a,] [0,a,] [0,44] es 
[0,a,] [0,a,,] [0,a,,] [0,a,])} | 

[0,a,] [0,a,] 

[0,a,] [0,a,] 

Oc Waal oe 

0,4 oe Wee 10) 

[0,a,] [0,a, 

[ 


0,a,] [0,a,,] 
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be a set-semigroup interval bilinear algebra over the set 
semigroup S = S; U S2= {15Z" U {0}, 40Z" U {03} UZ. 
Take W = W,U W2= 


[O,a,] 0  [0,a,] 


0 [0a] 0 [0a] oe mat 
Oat 0). jose See 

[0,2] 0 

[0,a,] 0 

0 [0,a,] | )a),8, €Z,) 

0 [0a] 

[O,a,] [0,a, ] 


Cc V, U V2; W 1s a Set- semigroup interval bilinear subalgebra of 
V over the set-semigroup S = S; U Sp. 


Example 4.4.26: Let V = V; U V2 = {Collection of all 6 x 6 
interval matrices with intervals of the form [0, a], aj ¢ ZU 


{O}} U 
a; <7,,| 


be a semigroup-set interval bilinear algebra over the semigroup- 
set S =S, US, =3Z' u {0} u {{0, 2, 5, 1, 6, 7, 9, 14, 32, 30, 
35} C€ Z36}. Choose W = W, U W2 = {Collection of all 6 x 6 
interval upper triangular matrices with intervals of the form [0, 


ai] with a, e Z7 U {0}} U 
a, za} 


>, [0,a; 1x” 
i=0 

CV, UV, and T=T,; UT, = {15Z" U {03} U {£ 0, 1, 2, 5, 30, 

35} C S> Cc Z36} om Si U S>. 


{Solo.8 


i=0 
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Clearly W is a subsemigroup-subset interval bilinear 
subalgebra of V over the subsemigroup-subset T = T; UT) of S; 
U S>. 


Example 4.4.27: Let V=Vi U V2= 


{Su a. ]x’ 


i=0 


ae Z v0 U 


[0,a,] [0,a,] [0,a;] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,] [0,a,] [0,a,,] 


a, € Ly; 
1<i<10 


be a set-semigroup interval bilinear algebra over the set- 
semigroup S = S; U S; = {2Z" u {0}, 5Z’ U {0}, 3Z VU {OM U 
Z412. Choose W = W,UW2= 


[0,a, ]x” 
i=0 


a, €30Z° U | U 


[O,a] [0,a] [0,a] [0,a] [0,a] 
[0,b] [0,b] [0,b] [0,b] [0,b] 


a,be Zu : 


T=T, UT, = {4Z7 u {0}, 15Z* U {0}} U {2Z41 = {0, 2, 4, ..., 
410} Cc Z412} <S,U Sp. 

W is a Subset-subsemigroup interval bilinear subalgebra of 
V over the subset-subsemigroup T = T; UT; cS; U S>. 

Now having seen examples of substructure we can define 
set- semigroup (semigroup-set) interval bilinear transformation 
provided the spaces are defined on the same set-semigroup 
(semigroup-set). 

Let V = V; U V2 and P = P; U P be any two set-semigroup 
interval bivector space over the set-semigroup S = S; U S,; that 
is V, and P, are set interval vector spaces over the same set S, 
and V> and P, are semigroup interval vector spaces over the 
same semigroup S). The bimap T=T,;UT2:V;U V2 P; U 
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P, where T, : V; — P; and T>2 : V2 > P>» are such that T, is a set 
linear interval vector space transformation and T, is a 
semigroup linear interval vector space transformation, then the 
bimap T = T; U T> is defined as the set-semigroup interval 
linear bitransformation of V in to P. 

Interested reader can define properties analogous to usual 
linear transformations. 

If V =P that is V,; = P; and V> = P2 then we define T to be a 
set-semigroup interval linear bioperator. The transformations for 
set-semigroup interval bilinear algebra can be defined using, 
some simple and appropriate modifications. 

Now we can derive almost all properties of these algebraic 
structures in an analogous way. 

Now we can also define quasi set-semigroup interval linear 
algebras and their substructures in an analogous way. 


Now we proceed on to define bigroup interval bivector spaces, 
set group (group-set) interval bivector spaces and semigroup- 
group (group-semigroup) interval bivector spaces and derive a 
few properties associated with them. 


DEFINITION 4.4.3: Let V = V; U V2 be such that V; is a group 
interval vector space over the group G;; i = 1, 2 and V; ZV;, V; 
ZV; ififi #j and G; ZG, G; 4G, ifi 4j;, 1<i,j <2. 

Then we define V = V; U V2 to be a bigroup interval 
bivector space over the bigroup G = G; UG». 


Example 4.4.28: Let V=V,U V2= 


a, €Z,; 
1<i<7 


[0,a,] [0,a,] [0,a,] 
[0,a,] [0,a;] [0,a,]]’ 
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[0,a,] [0,a,] 
[0,a,] [0,a,] 
0,a5] [0,a,] |,([0.a,] [0,a,] [0,a,]) |" 
LOA weeny ea BE 2 RAN 1) 
[O,a,] [O,a,] 
[0,a,] [0,a,9] 


be a bigroup interval bivector space over the bigroup G = G; U 
G> = Z42 U Z30. 


Example 4.4.29: Let V=V,U V2= 


Hoa [0,a,] ... [0,a,5]), 


1 


[0,a, ]x' 
=0 


a. <7, U 


[0,a,] 
[0,a,]]([0,a,] [0,a,] ... [0,a,]\}a, eZ,,; 

ie [O,a,,] ... Aer eee 
[9, a5] 


be a bigroup interval bivector space over the bigroup G = G; U 
G> = Z12 U Z9. 


Now we will give examples of their substructure and the 
task of giving definition is left as an exercise for the reader. 


Example 4.4.30: Let V = V, U V2= {all 5 x 5 interval matrices 
with intervals of the form [0,a,];a, €Z;,)} U 

[0, a, ] 
[0,a, ] 
[0, a, ] 
[0,a,] 


A),47,43,a, © L251) ,U 
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>°[0,a;]x',((0,a,] [0,a,] ... (0.8, D| aia, €Zyst<}s7} 
i=0 


be a bigroup interval bivector space over the bigroup G = G; U 
Go = Z319 U Lye. 

Take W = W, U W> = {all 5 x 5 upper triangular interval 
matrices with intervals of the form [0, a;]; a; € Z319} U 


0,a] 
0,a] 
0,a] 
0,a] 


|aeZ5, KJ 


[ 
[ 
[ 
[ 


[0,a,]x”,([0,a] [0,a] ... [0,a]) 


= 


sae} 


Cc V; U V2 1s a bigroup interval bivector subspace of V over the 
bigroup G= G U G> = 7319 U Lag. 


1 
| 


Example 4.4.31: Let V=V,U V2= 


[O,a,] [0,a,] [0,a,,] 
[0,a,] [0,a,] [0,a,,] 
[0,a,],}[0,a;] [0,a,] [0,a,,] )Ja,,a;¢Z,);1<j<57 U 
[0,a,] [0,a,] [0,a,,] 
[0,a;] [0,a,,] [0,a,,] 
[0,a,] [0,a,] [0,a,] 
= 4 | 9,4.) [0,a,] [0a] 
2 10,a;}x lt0.a,] [0.a.] [0.a,] a. ave Pele x12 
[O,a,] [0,a,] [0,a,,] 
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be a bigroup interval bivector space over the bigroup G = Zj9 U 
24 = G U G. 
Take W = W,U Wo= 


[(O,a] O  [0,a] 


0 [0a] 0 
[0,a],][0,a] 0 [0,a]]/JaeZ,,$ vu 
0 [0a] 0 


[O,a] O  [0,a] 


[0,a] [0,a] [0,a] 


eS 0 0 0 
0,a. |x", a,ae{2Z,, ={0,2,...,223CZ 
2! i [0,a] [0,a] [O,a]] | 2244 1S 24 
0 0 0 


Cc V,U V2; Wis a bigroup interval bivector subspace of V over 
the bigroup G = Zj9 U Z4. 


Example 4.4.32: Let V=V,U V2= 


[0,a,] 
[0,a,] [0,a,] 
0,a.] [0,a,] |, ee ae 
zs ; i 5 1<i<16 
[ 5a | [ 56 | [0,a,.] 


i © Zoyg3 
oi 


be a bigroup interval bivector space over the bigroup G = G; U 
Go = Las U Lag. 
Take W = W,U W2= 


| 0. [0,a,] ... [0,a;]) dl 0,a, Jx! 
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[O,a] [0,a] 
0 OF ig 
[0,b] [0,b] 


a,b,a,,a,,8,,a, € Z,, 


a > 


[0 


© 


3] 


i) 


0 
[0,a,] 


U {([0,a,] 0 [0,a,] 0 [0,a,] 0 [0,a,] 0 [0,a,] 0), 


a;,4; € a 


, 0, a, |x” 
a J 1<j<5 


1 


c V, U V>; be a bigroup interval bivector subspace of V over 
the bigroup G. 


Example 4.4.33: Let V=V,U V2= 


[0, a, ] 
[0,a, ] 


[0, ai, | 


>, [0;a,1k | 4,8 672,31 < 7512 -o 
=0 


a 
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{All 8 x 8 interval matrices with interval entries of the form [0, 
ai] 3 ai © Zis, ( (0, ar], [0, az], [0, a3], [0, as] ) | ai, aj © Zis; 1 <j < 
4} be a bigroup interval bivector space over the bigroup G = G, 
U G =Z3 VU Zs. 

Take W = W,U W2= 


[0, a] 
[0, 2 . 
a uk [0,a, x") aa, eZ, 
i=0 
[0, a] 


U {All 8 x 8 upper triangular interval matrices with intervals of 
the form [0, ai]; ([0, ai], 0, [0, ay], 0) | aj, aj, a2 © Zi5} c Vi U Vo 
be a subbigroup interval bivector subspace of V over the 
subbigroup T = T; U T2 = {0, 2, 4, 6} U {0, 5, 10} CZs U Z)5 = 
G U G>. 

If a bigroup interval bivector space V over the bigroup G = 
G, U G has no subbigroup interval bivector subspace over the 
bigroup G = G; U G) then we say V to be a pseudo simple 
bigroup interval bivector subspace over the bigroup G. If V has 
no bigroup interval bivector subspace then we call V to be a 
simple bigroup interval bivector space. If V is both simple and 
pseudo simple then we call V to be a doubly simple bigroup 
interval bivector space. 


We will give some illustrative examples of them. 


Example 4.4.34: Let V=V, U V2= 


{Solos :([0,a,] [0,a,] [0,a,]) 


4,,8,,45,4; € z| U 


1 
° 
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all 10 x 10 interval matrices with intervals of the form [0, aj]; a; 
€ Zs‘ be a bigroup interval bivector space over the bigroup G = 
G; U G = Z, U Zs. We see the bigroup G = Z, U Zs is 
bisimple as it has no subgroups. Thus V is a pseudo simple 
bigroup interval bivector space over G. 

However V is not doubly simple for take W = W, U W2 = 


[0, a] 
[0, a] 
0 
0 


2 


[Lira nella [0,a] [0,a]) 


1 


1,062,| U 


ll 
Oo 


all 10 x 10 upper triangular interval matrices with entries from 
Zs with intervals of the form [0, ai]} C V; U V2; W is a bigroup 
interval bivector subspace of V over the bigroup G. Thus V is 
not doubly simple. 


Example 4.4.35: Let V=V,U V2= 
| be a] [0, “0. . 
[0,a] [0,a] 


be a bigroup interval bivector space over bigroup G = G; U G)= 
Z; U Zs. We see V is a doubly simple bigroup interval bivector 
space over the bigroup G. 


0,a] 


[ 
<2, U ae ae Z, 
[ 


0,a] 
0,a] 


In view of this we have the following theorem. 


THEOREM 4.4.5: Let V = V; UV2 be a bigroup interval bivector 
space over the bigroup G=Z, UZ, p and q are two distinct 
primes. Then 
1. V is a pseudo simple bigroup interval bivector space 
over the bigroup G. 
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2. Vis nota doubly simple bigroup interval bivector space 
over the bigroup in general. 


The proof is left as an exercise for the reader to prove. 
THEOREM 4.4.6: Let V = V; UV> be a bigroup interval bivector 
space over the bigroup G = Z, U Zn where m and n are non 
primes; V is not simple or pseudo simple. 

This proof is also left as an exercise to the reader. 

We see bigroup interval bivector spaces can be built only on 
finite bigroups of the form G = Z U Zn, we cannot use Z* or R® 


or Q’ or C. 


Now we can define bigroup interval bilinear algebras. We give 
only examples of them. 


Example 4.4.36: Let V=V, U V2= 


[0,a,] [0,a,] [0,a;] [0,a,] [0,a;] 
[0,a,] [0,a,] [0,a,] [0,a,] [0,a,9] 


a, €Z,,3 
1<i<10 


[0,a, ] 
[0,a, ] 
U a, €Z,;1<i<15 
[9,a,4] 


[0,a,;] 


be a bigroup interval bilinear algebra over the bigroup G = G; U 
G> = L4 U 232. 


Example 4.4.37: Let V = V, U V2= {All 9 x 9 interval matrices 
with intervals of the form [0, aj], a; € Z3g} U 
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i=0 


dee apc: 


a. <2} 


be a bigroup interval bilinear algebra over the bigroup G = G; U 
G> = 238 U Z7. 


We will illustrate the substructures by some examples. 


Example 4.4.38: Let V = V, U V2= {([0, ai], [0, a2], ..., [0, 
ag|) | ai € Z083 1 <1<9} U 


[9, a; ] 
[9, a, ] 
a, €Z,;1<i<12 


[0,a,,] 
[0, a, ] 


be a bigroup interval bilinear algebra over the bigroup G = G; 
U G> = Z8 U Z\5. 
Take W = Wi U W2= {([0, al, [9, al, si saat [9, a) | ae Z 8} U 


[0,a, | 
[0,a, ] 
a, € {0,3,6,9,12} CZ, 
[9,a,,] 
[0,a,, | 


Cc V; U V2; W is a bigroup interval bilinear subalgebra of V 
over the bigroup G = Zo3 U Zs. 


Example 4.4.39: Let V=V,U V2= 
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U {([0, ai], [0, a2], ..., [0, a7])] ai e Zi; 1 <i <7} be a bigroup 
interval bilinear algebra over the bigroup G = Z3 U Z7. 


Take W = W, UW>2= 
[0,a,] [0,a,]] | a, €Z,; . 
0 [0,a,])|1<is3 
{([0, al, [9, al, eae [9, a]) | ae Zi1} Cc Vi U V2 is a bigroup 
interval bilinear subalgebra of V over the bigroup G = Z3 U Zz. 


Example 4.4.40: Let V=V,U V2= 


[0,a,] [0,a,] [0,a] 
[0,a,] [0,a;] [0,a,] 


a, € Zig; 
ie) 
1<i<6 


[0,a,] [0,a,] 
[0,a,] [0,a,]] Ja; €Z,9; 
[0,a;] [0,a,]] ]1<i<8 
[0,a,] [0, as ] 


be a bigroup interval bilinear algebra over the bigroup G = G, 
U G> = Zig U Z40. Take H = H, UH, = {0, 6, 12} U {0, 10, 
20, 30} cG, U Go = Zig U Zag and W = W, UW,= 


[O,a,] O  [0,a,] 
0 [0,a,] 0 


[0,a, | 0 
0 [O,a,]} | a, €Z,); 
[0, a; ] 0 1<i<4 
0 [0,a, ] 


a,,a4,,4, <2} ie) 


Cc V; U V2 1s a bisubgroup interval bilinear subalgebra of V 
over the bisubgroup H = H; U H; of G= G; U Gp. 
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DEFINITION 4.4.4: Let V = V; U V2 be where V; is a group 
interval vector space over the group G; and V2 is a semigroup 
interval vector space over the semigroup S>. V is a group 
semigroup interval bivector space over the group-semigroup G 
U S>. 


We will illustrate this situation by some examples. 


Example 4.4.41: Let V=V, U V2= 


ibe [0,a,] [0,a,] oa 
,[0,a; | 
[0,a,] [0,a,] [0,a,] [0,a,] 


a,,a,€Z° U {0}; 
1<j<8 


0,a,] [0,a,] 


0,a;] [0,a,]|’< | 1<j<8 


[ [ 
. 5a; | - a | D0.a,}¢ a,,a, EZ; 
[0,a,] [0,a,] 


be a semigroup-group interval bivector space over the 
semigroup-group G = (Z" U {0}) U Z)7. 


Example 4.4.42: Let V=V,;UV2= 


[0,a,] [0,a,] [0,a,] [0,a,] [0,a,] 0 a. € Ly 95 
[9,a,] [0,a,] [0,a,] [0,a,] [0,a,o] wee 1<i<l0 

[9,a,] [0,a,] 

[9,a;] [0,a,] 

[9,a;] [0,a,] 0° U0} 

= ; | 4;,4; € U i 

U 4] [0,a, [0,a] |. 2,[0.a,]s poi 

[0,a,] [0,a,,] 

[9,a,,] [0,a,)] 

[0,a,;] [0,a,,] 
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be a group-semigroup interval bivector space over the group- 
semigroup G = Z4g U Q’ U {0}. 

We can define substructures in a analogous way. We give 
only examples of them. 


Example 4.4.43: Let V=V,U V2= 


[0, a, 
Y[0.a, kx’, 0. ] 4 SO 
i-0 [0, a, 1 < J < 4 
[0, a, | 


[0,a,] [0,a,] 
([0, a, ] [0,a, ] mere [0,a,,]), [0,a, ] [0,a, ] 
a, € Ly, 

[0,a;] [0,a,] 


be a semigroup-group interval bivector space over the 
semigroup-group G = Q” U {0} U Zjo. 
Take W = W,U W2= 


[0, a] 


ioe) ; 9) 
[0, a, ]x”, a,,aeQ* UfO}E U 
=0 


[0, a] 
0 


a 


{({0,a,],0,[0,a, ],0,[0,a; ],0,[0,a,],0,[0,a,],0,[0,a,]) ; 


[0,a,] 0 , 
0 [0.a,] 1<i<6 
a 
: a, €Zi, 
[0,a,] 0 


c V,; U V2; W is a semigroup-group interval bivector subspace 
of V over the semigroup-group Q” U {0} U Zo. 
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Example 4.4.44: Let V=V,U V2= 


a, € bs} U 


[Loar Dia 
i=0 i=0 
{All 5 x 5 interval matrices with intervals of the form [0, aj]; a; 
= 3Z" U {0}, ({0, ail, [0, ar, [0, a3|, [0, aa], [0, as) | aj € 4Z* 
{0}! be a group-semigroup interval bivector space over the 
group-semigroup Z329 U 12Z" U {0}. 

ai€ Z| 


Take W=W, UW,= 
{Zl0.aar?. S108 x" 
i=0 i=0 

U {All 5 x 5 interval upper triangular matrices with intervals of 
the form [0, ai], aj € 3Z” U {0}, ((0, ai] [0, a2] [0, a3]) | ai, a2, as 
€ 4Z° U {0}} c V, U V2; W is a group-semigroup interval 
bivector subspace of V over the group-semigroup, Z329 U 12Z” 
U {0}. 


Example 4.4.45: Let V=V,U V2= 


{3 0,a;]x”, °[0,a;]x™ | a, <2} U 

i=0 i=0 

O,a O.a 

.aT [,a2] a, €Z* U {0} 


[0,a;] [0,a,]),(0,a,] [0,a,] .. [0,a,5]) 
[0,a;] [0,a,] 


be a group-semigroup interval bivector space over the group 
semigroup Zi9 U Z’ U {0}. Choose W = W; U W2= 


1<i<18 


a.¢€ 2 is, 


{5 [0,a, Ix”, YI 0, a, |x’ 
i=0 i=0 
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[O,a] [0,a] 
[0,b] [0,b]}, ((0,a] [0,a] ... [0,a])] a,b,ceZ™ U {0} 
[O,c] [0,c] 


c V,; U V2; W is a subgroup-subsemigroup interval bivector 
subspace over the subgroup-subsemigroup {0, 2, 4, 6, 8, ..., 
1944 U 3Z" U {0} CZ i956 U ZU {0}. 


Example 4.4.46: Let V = V, U V2 = {all 8 x 8 interval matrices 
with intervals of the form [0, aj] ; aj €¢ Q’ U {0}, all 3 x 2 
interval matrices with intervals of the form [0, ai] with a, € Z” U 


OFF 


a,,a; © Ly 9; 
l<j<8 


[Loar .(Oa) [0,a,] .. [0,as]) 


i=0 


be a semigroup-group interval bivector space over the 
semigroup-group Z U {0} U Zag. 

Let W = W; U W2 = {all 8 x 8 interval upper triangular 
matrices with intervals of the form [0, ai], a, € Q” U {0}, 


[O,a] [0,a] 
[0,a] [O,a]]}aeZu {OU 
[O,a] [0,a] 


|El0.a.r° (0.91 0(0.9,1010.8,1010.4,10) 


i=0 


aa; © Lys; 
1<j<4 


CV, UV, and T=T, U Tp = {4Z u {03} U {0, 2, 4, 6, 8, ..., 
46} < ZU {0} U Zag. W is a subsemigroup-subgroup interval 
bivector subspace of V over the subsemigroup-subgroup T = T, 
U To. 
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Now we can in an analogous way define group-semigroup 
(semigroup group) interval bilinear algebra and _ their 
substructures. 


We will illustrate these situations only by examples. 


Example 4.4.47: Let V=V,U V2= 


[0,a,] [0,a,] [0,a,] 
[O,a,] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,] 


a, €Ly9; 
1<i<9 


[O,a,] [0,a,] 

[0,a,] [0,a,] 

[0,a;] [0,a,] | Ja; eZ* U {0}; 
[0,a,] [0,a,] | j1<is12 
[O,a,] [0,a,,] 

[0,a,,] [0,a,,] 


be a group-semigroup interval bilinear algebra over the group- 
semigroup Z49 U Z’ U {0}. 


Example 4.4.48: Let V=V,U V2= 


| Doe a, €Q*U | 


U {all 7 x 7 interval matrices with intervals of the form [0, ai], 
a; € Z4i2} be a semigroup-group interval bilinear algebra over 
the semigroup-group Q” U {0} U Zap. 


Example 4.4.49: Let V =V, U V2 = {all 8 x 8 interval matrices 
with intervals of the form [0, aj]; a; € Zago} U 
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[0, a, |x’ a, €3Z° U | 


be a group-semigroup interval bilinear algebra over the group- 
semigroup S = Z4go U 3Z” U {0}. Choose W = W, U W> = fall 
8 x 8 interval upper triangular matrices with intervals [0, aj]; a; 
€ Lago} U 


[0, a, x” 
i=0 


ave3Z | 


Cc V; U V> be a group-semigroup interval bilinear subalgebra 
of V over the group-semigroup S. 


Example 4.4.50: Let V=V,U V2= 
[0,a,] [0,a,] [0,a,] 
[0,a,] [0,a,] [0,a,] 


| [0, a: pe a, € 2, 
i=0 


be a semigroup group interval bilinear algebra over the 
semigroup-group Z’ U {0} U Zjs. 
Take W = W, UW,= 


[0,a,] 0  [0,a,] 
0 [0,a,] 0 


a, € 2, 


Cc V, U V2, W is a Semigroup-group interval bilinear subalgebra 
over the semigroup-group. 


1<1<6 


a,eZ* is = 


1<is<3 


a,eZ" - J 


pu a as 


i=0 
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Example 4.4.51: Let V=V,U V2= 


[O,a,] [0,a,] [0,a;] [0,a,] [a5] 
[9,a,] [0,a,] [0,a,] [0,a,] [0,a,0] ee 
[0,a,,] [0,a,.] [0,a;] [0,a,,] [0,a,5] 


[0, a, }x' 


Ms 


Il 
So 


a, EQ” vio] U 


be a semigroup-group interval bilinear algebra over the 
semigroup group, G = Q” U {0} U Z39. 
Take W=W, UW,= 


| [0, a, ]x” 
i=0 


a €Q v0 U 


Osea 0" “Oe 70. foes | 
6 fay 6 ieeq Ooo 
(0,a,] 0 [0,a,] 0 [Oa, 


c V; UV, and H = 3Z" vu {0} u {0, 5, 10, 15, 20, 25} <Q” U 
{0} U Zz. W is a subsemigroup-subgroup interval bilinear 
subalgebra of V over the subsemigroup-subgroup H of G. 


Example 4.4.52: Let V = Vi U V2 = {all 16 x 16 interval 
matrices with intervals of the form [0, aj] | a; € Zj2} U 


| Zoax 


i=0 


a,eZuU | 


be a group-semigroup interval bilinear algebra over the group- 
semigroup S = Z)7 U Z’ U {0}. Choose W = W, U W> = fall 16 
x 16 upper triangular interval of the form [0, aj] | aj € Zj2} U 
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[0, a, ]x” 
i=0 


a eZ u | 


and T = T, U T2 = {0, 2, 4, 6, 8, 10} U5Z U {0} CZyUZ VU 
{0}. W is a subgroup-subsemigroup interval bilinear subalgebra 
of V over the subgroup-subsemigroup T of S. 

We say a group-semigroup (semigroup-group) interval 
bilinear algebra V (bivector space) is pseudo simple if V has no 
subgroup subsemigroup (subsemigroup-subgroup) interval 
bilinear subalgebras (or bivector subspaces). A group- 
semigroup (semigroup-group) interval bilinear algebra (bivector 
space) is simple if V has no group-semigroup (semigroup- 
group) interval bilinear subalgebra (bivector subspace). 


We will illustrate this situation by some examples. 


Example 4.4.53: Let V= Vi U V2= 


[0,a] [0,a] 
[0,a] [0,a] 


be a group-semigroup bilinear algebra over the group- 
semigroup Z; U Z” U {0}. Clearly V is pseudo simple as well 
simple. Hence V is a doubly simple group-semigroup bilinear 
algebra over the group semigroup. 


[0,a] 
242} [O,a]|| aeZ VU {0} 
[0,a] 


THEOREM 4.4.7: Let V = V; U V2 be a group-semigroup 
(semigroup-group) interval bilinear algebra over the group - 
semigroup Z, UZ U {0} (semigroup-group Z’ U {0} U Z,). 
Then V is not simple or pseudo simple provided n is a 
compositive number. 


The proof is left as an exercise to the reader. 
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THEOREM 4.4.8: Let V = V; U V2 be a group semigroup 
(semigroup-group) bilinear algebra (bivector space) over the 
group-semigroup (Z,— ZU {0}) p a prime. Then V is pseudo 
simple and need not in general be doubly simple. 


This proof is also left as an exercise for the reader. 
Now we proceed onto define set-group (group-set) interval 
bilinear algebra (bivector space) over the set-group (group-set). 


DEFINITION 4.4.5: Let V = V; U V> be such that V; is a set 
interval vector space over the set S; and V> is a group interval 
vector space over the group G2. We define V = V; UV to be a 
set-group interval bivector space over the set-group. 


We will illustrate this situation by some examples. 


Example 4.4.54: Let V=V, U V2= 


pa [O,a, ]x*, ~I [0,a, ]x™ | a, £2 U10)} v 
[0, a, ] 
[0,a, ] a, €Z,; 
(0.a.] »((0,a,1,[0,a,1,10,a31)) 
[0, a, ] 


be a set group interval bivector space over the set- group, {0, 2, 
17, 41, 142, 250} U Zo. 


Example 4.4.55: Let V=V, U V2 = 
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[Sioa [0, a, ] 


a,E5Z°U | 
be a group-set interval bivector space over the group set Z4g U 
{0, 1, 2, 7, 152°}. 


Example 4.4.56: Let V=V,U V2 = 


pa [0, a; ]x™, v1 [0, a; ]x* 
i=0 i=0 


a, €4Z* U ia] 


[0, a, ] 


O,a 
| é | ,([0,a, ],[0,a,])} a; €Z4);1<i<8 


[0, as] 


be a set-group interval bivector space over the set-group S U G 
= {16 Ze U {0}, 4, 8} U Z4o. 
Take W = W, UW,= 


{3 0,a, |x”, v1 [0,a, ]x” 
i=0 i=0 


a, €16Z" U i} v 


es ,((0,a],[0,a])| a,,a © Zyg 


0 
[0, a, ] 
0 
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Cc V,; U V2; W is a set - group interval bivector subspace of V 
over the set-group S UG. 


Example 4.4.57: Let V=Vi;UV2= 


[0, a, ] 
[0,a,]|,((0,a,],[0,a,]...,[0,a,])] a, @Z* U{O}> U 
[0,a;] 


[0,a,] [0,a,]] [[0,a,] 
[0,a,;] [0,a,]| |[0,a,] || a, eZ,,; 
[0,a,] [O,a,]]} : 1<i<ll 
[0,a,] [0,a,]} | [0,a,,] 


be a set-group interval bivector space over the set-group {3Z’, 
AZ, Vz: 13Z', 0} U Lo4 = S1 U G>. 
Choose W = W, U W2 = 


0.8 hla )| 


a,a, €3Z" U {0}; 
U 
1<i<7 


[O,a,] OO || [0,a,] 


0 0, 0, 
[0,a, ] | a ? a] a, €2Z,, = 10,...,22} C Z,, 
»43 , 


0 [0,a,]] | [0,a,,] 


c V, UV; and T = T,; U Tp = {3Z", 13Z", 4Z", 0} U {0, 4, 8, 
12, 16, 20} <S; U Gy. W is a subset-subgroup interval bivector 
subspace of V over the subset-subgroup T of S; U Go. 


a, € Za} 


[0, a, }x’ 
=0 


Example 4.4.58: Let V=V,U V2 = 
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U {All 6 x 6 interval matrices with intervals of the form [0, aj]; 
a, € ZU {0}} be a group-set interval bilinear algebra over the 
group-set G = G,; U S) = Z4g U {30Z U {0}, 2Z°?. 


Example 4.4.59: Let V = V, U V2 = {set of all 9 x 5 interval 
matrices with intervals of the form [0, aj]; aj € Q” U {03} U {all 
3 x 8 interval matrices with intervals of the form [0, aj]; a; € 
Z4,} be a set - group interval bilinear algebra over the set - 
group S; U Gp = {2Z", 5Z", 7Z’, 0} U Z4). 


We now state the theorem the proof of which is direct. 
THEOREM 4.4.9: Every set-group (group-set) interval bilinear 
algebra over a set-group (group-set) is a set-group (group-set) 
interval bivector space but not conversely. 

Example 4.4.60: Let V=V, UV2= 


| Stasi 


i=0 


Qe Ze) | 


U {all 4 x 4 interval matrices with interval entries of the form 
[0, ai]; a; € Z43} be a set - group interval bilinear algebra over 
the set-group S, U Gp = {3Z", 2Z", 7Z", 0} U {Za}. 

Choose W = W,; U W2= 


Y [0.a, ]x” 


i=0 


a eZ uU | 


U {All 4 x 4 upper triangular interval matrices of intervals of 
the form [0, aj]; aj € Z43} C Vj U V2; W is a set-group interval 
bilinear subalgebra of V over S; U Gp. 


Example 4.4.61: Let V=V,U V2= 


| Y[0.a, }x'| a, <Q" v0} 


i=0 


pales 


U {all 5 x 2 interval matrices with intervals of the form [0, aj]; 
a; € Zag} be a set-group interval bilinear algebra over the set - 
group S; U Gy = {7Z" U {0}, 3Z” U {03, 4Z} U Zag. 

Choose W = W, U W2 = 


| [0,a,]x™ 
i=0 


a,eZ" v0 Y 


[0,a,] O [0,a,] O  [0,a,] 
0 [0a] 0 [0,a,] 0 


aj,a5585 <2| 


48 
CV; U V2 and P; U Ps = {3Z", 4Z", 0} U {0, 12, 24, 36} cS, 


U G». W is a subset - subgroup interval bilinear subalgebra of V 
over the subset - subgroup P; U H2 of S$; U G. 


Example 4.4.62: Let V=V,U V2= 


{10.0% 


i=0 


a eZ v0} U 


[0,a] [0,a] [0,a] [0,a] 
[0,b] [0,b] [0,b] [0,b]]]a,b,ceZ, 
[0,c] [0,c] [0,c] [0,c] 


be a set - group interval bilinear algebra over the set-group S = 
S; U Go = {2Z", 5Z’, 0} U Z,. Clearly V is a pseudo simple set - 
group interval bilinear algebra over S. 


We can derive several interesting properties related with them 
as in case of usual bigroup-linear algebras. 
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Chapter Five 


APPLICATIONS OF THE SPECIAL CLASSES 
OF INTERVAL LINEAR ALGEBRAS 


These new classes of interval linear algebras find their 
applications in fields, which demand the solution to be in 
intervals and in finite element methods. The present day trend is 
scientists, technologists and medical experts seek interval 
solutions to single valued solutions. For interval solutions give 
them more freedom to work and also one can choose the best- 
suited solution from that interval. 

These structures can be best utilized in the study of finite 
element analysis. These structures are well suited for the 
analysis of stiffness matrices when interval solutions are in 
demand. These new structures have several limitations for they 
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cannot be built using intervals of the form [—a, b] where a and b 
are in Z. 

These structures can be used in all mathematical models and 
fuzzy models, which demand interval solutions. For more about 
interval algebraic structures refer [52]. 
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1. 


Chapter Six 


SUGGESTED PROBLEMS 


In this chapter we propose over 100 problems, which will be a 
challenge to the reader. 


Find some interesting properties about set complex interval 
vector spaces. 


Give an example of a order 21 set modulo integer vector 
space built using Z4o. 


Does their exists a set modulo integer vector space of 
cardinality 12 built using Z7? Justify your claim. 


Obtain some interesting properties enjoyed by the set real 
interval spaces. 


Does there exists a set modulo integer interval vector space of 
order 149? Justify your claim. 
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10. 


Lh, 


M2 


13. 


14. 


15: 


16. 


[0,a,] [0,a,] 
Let V = 4/[0,a,;] [0,a,]] |a;eZ,,7, be a set modulo 
[0,a;] [0,a,] 


integer linear algebra over the set S = {0, 1, 2, 5} C Z7. Find 
set modulo integer interval linear subalgebras of V. 


Obtain some interesting properties about set rational interval 
vector spaces. 


Let S = {[a, b] | a, b € Q” U {03; a < b} be a set rational 
interval vector space over the set S = {0, 1}. Find set rational 
interval vector subspaces of V. Can S be generated finitely? 
Justify your claim. 


Obtain some interesting properties about set complex interval 
linear algebras. 


Give an example of a doubly simple set interval integer linear 
algebra. 


Give an example of a semigroup interval vector space which 
is not a semigroup interval linear algebra. 


Give some interesting properties of semigroup interval vector 
spaces. 


Give an example of a finitely generated semigroup interval 
linear algebra. 


Give an example of a simple semigroup interval vector space. 


Give an example of a pseudo simple semigroup interval 
vector space which is not simple. 


Give an example of a doubly simple semigroup interval vector 
space. 


222 


17. 


18. 


19. 


20. 


pal 


22. 


233 


24. 


25: 


26. 


2 


28. 


Give an example of a pseudo semigroup interval linear 
algebra. 


Does there exists a semigroup interval linear algebra which 
cannot be written as a direct sum? Justify your claim! 


Obtain some interesting properties about group interval linear 
algebras. 


Does there exists an infinite group interval linear algebra? 
Does their exists a group interval linear algebra of order 43? 
Give an example of a group linear algebra of order 25. 


Let X = >,[0,a; ]x' 


i=0 


a,€ t} Is X a group interval linear 
algebra over the group Z7? Is X finite or infinite? 
Give an example of a set fuzzy interval vector space. 


Obtain some interesting properties about set fuzzy interval 
linear algebras. 


Give an example of a semigroup fuzzy interval linear algebra. 


Let V = {All 5 x 5 interval matrices with intervals of the form 
[, a, ] 
[9, a, ] 
[0, a, | 
interval vector space over the semigroup S = Z” U {0}. Obtain 


atleast 5 fuzzy semigroup interval vector spaces or semigroup 
fuzzy interval vector spaces. 


|a, e ZU {0}; 1 <i < 25} be a semigroup 


{[0, ai], 


Obtain some interesting properties about group interval vector 
spaces. 
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29. 


30. 


ee 


32, 


33. 


34. 


35. 


Let V = {all 6 x 6 interval matrices with intervals of the form 
[0, ai]; ai © Zig} be a group interval linear algebra over the 
group G = Zs. 
i. Obtain group fuzzy interval linear algebras. 
11. | Does V have subgroup interval linear subalgebras? 
iii. Find at least 3 group interval linear subalgebras. 
iv. _ Define a linear operator on V with non trivial kernel. 


Bring out the difference between type I and type II semigroup 
fuzzy interval linear algebras. 


Obtain some interesting properties enjoyed by type II group 
fuzzy interval linear algebras? 


Let V=Vi U V2 = {Sah 10.00% =o, v0) 


i=0 i=0 
[0, a, ] 


ee ([0,a,] +: [0,a,])| a; €3Z* U {0} be a set 


[0,a, ] 


interval bivector space over the set S = {2Z", 3Z’, 0}. 

i. Find set interval bivector subspaces of V. 

iil. Find subset interval bivector subspace of V. 
ii. Define a bilinear operator on V. 
iv. Find a generating set of V. 


Give an example of a set interval bivector space which is not 
a set interval linear algebra of finite dimension. 


Give an example of a pseudo simple set interval linear 
algebra. 


Let V = V; U V2 = {all 7 x 7 interval matrices with intervals 


of the form [0, a;]| a; € Z7} U {[0, ai]| aj e Z7} be a set interval 
bilinear algebra over the set S = Z7. 
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36. 


37. 


38. 


39. 


40. 


41. 


42. 


i. Find a linear bioperator on V which has a non trivial 
bikernel. 
il. Is V simple? 
ili. Can V have subset interval bilinear algebras? 


Give an example of a pseudo simple set interval linear 
bialgebra which is not simple. 


Obtain some important properties about set interval linear 
bialgebras. 


Give an example of a set interval linear bialgebra of 
bidimension (5, 9). 


What is the difference between a set interval bilinear algebra 
and a biset interval bilinear algebra? 


Let V = V, U V2 = {all 10 x 10 interval matrices with 
intervals of the form [0, a], aj ¢ 5 Z’ U {0}} U {3x 7 
interval matrices with intervals of the form [0, a] ~¢ 3Z° U 
{0}} be a biset interval bivector space of V over the biset S = 
10Z" U {0} U6Z" U {0} =S, U Sy. 
i. Find a bigenerating bisubset of V. 

ul. Is V finite bidimensional? 

ii. Find biset interval bivector subspaces of V. 

iv. Is V pseudo simple? Justify your answer. 

v. Define a nontrivial one to one bilinear operator on V. 


Give an example of a quasi biset interval bivector space. 


Let 
V=aViUV2= { ([0.a, a [0,a,]) 


a; eZ,} U 


L ag ay 


be a quasi biset interval bivector space over the biset S= Z7 U 
Z,,. Is V bisimple? What is the bigenerating subbiset of V? 
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43. 


44. 


45. 


46. 


47. 


48. 


49. 


Give an example of a doubly simple quasi biset interval 
bivector space over the biset S. 


Cc 


Lett V= Vi UV = | Soa 


i=0 


1.6%| U {All 3 x 8 


interval matrices with intervals of the form [0, aj] / a; € Zj3} 
be a quasi set interval linear bialgebra over the set S = Z)3. Is 
V simple? Justify! 


Give an example of a semi quasi set interval bilinear algebra. 


Determine some special properties enjoyed by semigroup 
interval bilinear algebras. 


Let 

V=ViUV2 
— |} [0,a,] [0,a,] [0,a,] [0,a,] 
ie [0,a,] [0,a,] | 


1, €%} 


be a semigroup interval bilinear algebra over the semigroup 
Z7. 
i. Is V pseudo simple? 
i. Is V simple? Justify 
iii. Find a generating bisubset of V. 


a eZ,i1sis3 U 


| ¥ [0.a,)x' 


i=0 


Prove there exists an infinite class of semigroup interval 
bilinear algebras which are pseudo simple. 


Give an example of a simple semigroup interval bivector 
space. 
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50. 


a 


D2. 


33% 


54. 


Sop 


56. 


Give an example of a double simple semigroup interval 
bivector space. 


Give some interesting applications of semigroup interval 
bilinear algebras. 


Let 
V=V,UV> 
[0,a,] 
[0, a, ] a, €Z* U {0}; 
= : 0, Giese 0, 7 
([ a, | [ ai4]) ee 
[0, a, ] 


{All 7 x 7 interval matrices with intervals of the form [0, aj] / 
a, € 3Z U {0}} be a quasi semigroup interval bilinear algebra 
over the semigroup S = 2Z” U {0}. 
i. Find substructures of V. 
ii. Find a bilinear operator on V 
ili. Can V be a made into a quasi fuzzy semigroup interval 
bilinear algebra? 
iv. Is V pseudo simple? 
v. Is V doubly simple? 


Give an example of a doubly simple quasi semigroup interval 
bilinear algebra. 


Describe some important properties enjoyed by group interval 
bivector space. 


Give an example of a simple group interval bivector space. 


[0,a,] 


[0,a,] 
al 


Let V=V,; UV2= [0,a][0,b])| a,b,a, €Z,, pU 


[0,25 ] 
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57. 


58. 


59. 


60. 


61. 


[0,a,] [0,a,] [0,a,;] [0,a,] 
2 ja; € 2.45 
[0,a, | [0,a, | [0,a, | [0, a ol | [0, a; ale 
i=0 l< < jsl2 
[0,a,] [0,a,,] [0,a,,] [0,a,,] 
be a group interval bivector space over the group G = Z,;. 
i. What is the bidimension of V? 
ii. Find group interval bivector subspaces of V. 
ii. Is V pseudo simple? Justify. 
iv. Find all generating bisubset of V. 


7 * 
bet Woe sVy ee VG | Eos 
i=0 


1, €Z i017] U 


[9,a,] 

[0,a,] | Ja; € Zao; 
be a group interval bivector space over 
1<i<10 

[0,a,,] 


the group G = Zo. 
i. Find at least two group interval bivector subspaces of 
V. 
ul. Is V simple? 
ili. Prove V is not pseudo simple. 
iv. Finda bibasis of V. 
v. Find the bidimension of V. 


Give an example of a simple group interval bivector space. 


Give an example of a doubly simple group interval bivector 
space. 


Give an example of a pseudo simple group interval bivector 
space which is not simple. 


Let V = V; U V2 = {all 10 x 10 intervals matrices with 
intervals of the form [0, ai]; aj € Z43} U {All 5 x 8 interval 
matrices with intervals of the form [0, aj]; ai € Z43} be a group 
interval bilinear algebra over the group G = Z43. 
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62. 


63. 


64. 


65. 


66. 


67. 


68. 


i. Prove V is pseudo simple. 

il. Prove V is not simple 
ii. Find atleast 3 group interval bilinear subalgebras of V. 
iv. What is the bidimension of V? 

v. Find a bigenerating bisubset of V. 
vi. Find a bilinear operator on V. 


Give an example of a quasi group interval bilinear algebra 
over the group Zp. 


[0,a] 
Is V=V, U V2 = 4|[0,a]] |aeZ,$ U {({0, a] [0, a] [0, a]) / 
[0,a] 


a € Z;} a doubly simple group interval bilinear algebra over 
the group G = Z;? Justify your claim. 


1 


7 « 
Let V = VW, U WV = [0,a, ]x' 
=0 


1.62.) 1) 


[0,a] [0,a] 
[0,a] [0,a]}}aeZ,- be a quasi group interval bilinear 
[0,a] [0,a] 


algebra over the group G = Zs. 
i. Is V simple? 

il. Is V doubly simple? 

iil. Is V pseudo simple? 


Give some interesting properties about bigroup interval 
bilinear algebra. 


Give an example of a simple bigroup interval bilinear algebra. 


Prove all bigroup interval algebras built using the bigroups Z, 
U Z, (p and q two distinct primes) are always pseudo simple. 


Can one have bigroup interval bivector spaces using positive 
reals or positive rationals? Substantiate your answer. 


229 


69. Let 


V=ViU V2 
[0,a, ] 
[0, a a, € Zs; 
1<i<12 
[0 (0,a,,] 
[O,a,] [0,a,] ... [0,a,9] 
a, € Zo; 
[Osa | [Osa] oe "(0,855 = 


[Osay ld iPOsa5 |) ae Osa se] 


be a bigroup interval bilinear algebra over the bigroup G = G, 
U Gy = Zs9 U Zp. 

i. Find atleast two subbigroup interval bilinear subalgebras. 
ii. Find atleast three bigroup interval bilinear subalgebras. 
iii. Find a generating biset of V. 
iv. Find a bilinear operator on V. 


70. Let 
V=aViU V2 

[9, a, ] 

O,a a EZ; 

= 15 '[0,a,}x']a,eZ,$ u 9.82] | fa; © Zn 

1<i<19 

[9, a4] 
be a bigroup interval bilinear algebra over the bigroup G = G, 


U G= = Z7 U Zh}. 
i. Prove V is pseudo simple. 
ii. Find bigroup interval bilinear subalgebras of V. 
ili. Prove V is not doubly simple. 
iv. Define a bilinear operator T= T,;UT2:V;U V2 > V; U 
V> such that biker T # {0} U {0}. 
v. Finda generating biset of V. 
vi. Is bidimension of V finite? 


230 


mls 


q2, 


73% 


74. 


75. 


Let V=V; UV2= pacar 


1.670) U {All 6 x 6 


interval matrices with intervals of the form [0, a;| where a; € 

Z429} be a semigroup - group interval bilinear algebra over the 

semigroup - group Z’ U {0} U Zapp. 

i. Find substructures of V. 

ii. Prove V is not a doubly simple space. 

ui. FindaT:T,;UT2:V;U V2 V; U V2 such that bikerT 
= {0} U {0}. 

Iv. Find T:T,; UT,: V=V;, UV,> V=V;, U V2 such that 
biker T= {0} U {S}.S #0. 


[0,a,] [0,a,] rere 
Let V = Vi U V2 = 4|[0,a;] [0,a,]]} ' tie 
S18 
[0,a;] [0,a,] 


{Se an lx 


i=0 


a, eZ} be a set semigroup interval bilinear 


algebra over the set - semigroup 3Z” U {0} U Zu. 
i. Find a set - semigroup interval bilinear subalgebras. 
il. Find a subset - subsemigroup interval _ bilinear 
subalgebras. 
iii. Find a bilinear bioperator on V which is one to one. 


Give some interesting results about biset interval bilinear 
algebras. 


Give examples of infinite biset interval bilinear algebra which 


i. simple biset interval bilinear algebra. 
i1. Pseudo simple biset interval bilinear algebra. 
i11. Doubly simple biset interval bilinear algebra. 


Let V = V; U V> be a set - semigroup interval bilinear 
algebra. Define a bilinear operator on V, which is one to one; 
where V = {all 3 x 3 interval matrices with intervals of the 
form [0, aj]; aj € Zi7} U { = [0, ai] x! |a; € Z17)} =V, U Vo 1s 
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76. 


igo 


78. 


I 


80. 


81. 


82. 


a set-semigroup interval bilinear algebra over the set- 
semigroup S = {3Z”", {0!, 5Z°} UZ,,=S); US». 

i. Is V pseudo simple? 

il. Does V have set semigroup interval bilinear subalgebra? 
ii. Is V doubly simple? Justify. 


Give an example of a set-semigroup interval bivector space 
which is not a set-semigroup interval bilinear algebra of finite 
over which is doubly simple! 


Let V = V; U V2 = {Collection of 2 x 10 interval matrices 
with entries form Z;5} U {3 x 5 interval matrices with entries 
from Z\2} be a bisemigroup interval bilinear algebra over the 
bisemigroup S = S; U S2 = Zj5 U Zp. 

i. Is V simple? 

il. Is V pseudo simple? 
ii. Is V doubly simple? 
iv. Is V finite? 

v. Determine a bilinear operator which is not one to one. 
vi. What is the bidimension of V? 


Determine some interesting properties about group-semigroup 
interval bivector spaces of finite dimension? 


Is it possible to have a bigroup interval bilinear algebra of 
infinite dimension? 


Is it possible to have a bigroup interval bivector space of finite 
dimension? 


Give an example of a set - group interval bilinear algebra of 
bidimension (9, 8). 


Let V = V, U V2 = {all 5 x 6 interval matrices of the form [0, 
ai]; aj € Z7} U {all 6 x 5 interval matrices over the set Z7 with 
intervals of the form [0, a;]} be a group interval bilinear 
algebra over the group Z7. 

i. Is V simple? 

ii. Prove V is pseudo simple. 
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83. 


84. 


85. 


86. 


87. 


88. 


ili. Prove V is not doubly simple. 
iv. What is the biorder of V? 
v. Define a one to one bilinear operator on V. 


Prove if V = V = V, U V> is a group interval bilinear algebra 
over a group G; then the set of all bioperators on V is again a 
group interval bilinear algebra over the group G. 


Obtain some _ interesting properties about _ bilinear 
transformations on group interval bivector spaces V = V, U 
V,and W = W, U W; defined over the group G. 


Let V = V; U V2 = {all 3 x 1 be a set of all interval matrices 
with intervals of the form [0, ai]; aj € Zi2} U {1 x 7 bea set of 
all interval matrices with intervals of the form [0, a;]; a; € Z19} 
be a bisemigroup interval bilinear algebra over the 
bisemigroup S = S; U S2 = Z)2 U Zjo. 

i. Find all bisemigroup interval bilinear subalgebras of V 

over S. 

il. Is V pseudo simple? 
iii. Find a bigenerating subset of V. 
iv. Find all bilinear operators on V. 


Let V = V, U V;2 be as in problem 77. 
i. Find a bigenerating subset of V. 
ul. What is the bidimension of V over S? 


Obtain some interesting properties on set - group interval 
bivector spaces of finite order. 


co 


Let V=V, UV2= {to 


i=0 


a.€ 2| U {All 8 x interval 
matrices with intervals of the form [0, a;] where a; € Z42} U 
| >, [0,a;]x' 


algebra defined over the group-semigroup S = S; U S2 = Z4 
U 3Z U {0}. 


a.eZ” v0 be a group-semigroup bilinear 
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89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


i. Find atleast 3  group-semigroup interval _ bilinear 
subalgebras of V over S. 
il. Find atleast 3 pseudo subgroup-subsemigroup interval 


Give an example of a doubly simple set - group interval 
bivector space. 


Give an example of a pseudo simple bigroup interval bivector 
space which is not simple. 


Let V=V; UV2= a,eZ,$ U {([0, al, [0, al, [0, 


a], [0, a], [0, a], [0, a]) /a € Z,,} be a bigroup interval algebra 
over the bigroup G = G; U G) = Zs U Z. 
i. Is V simple? 
il. Is V doubly simple? 
iii. Is V pseudo simple? Justify your claim. 


Prove there exists an infinite class of doubly simple bigroup 
interval bilinear algebras! 


Prove their exists an infinite class of bigroup interval bilinear 
algebras which are not pseudo simple! 


Does there exists an infinite classes of set-group interval 
bilinear algebras? Justify your claim. 


Does there exist a bigroup interval bilinear algebras built over 
the bigroup G = G; U Gy, where both G, and G; are of infinite 


order? 


Give some innovative results on biset interval bivector spaces 
of infinite order. 
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97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


Let V = {1 x 9 interval matrices using Z7} U {9 x 1 interval 

matrices using Z7} be a group interval bilinear algebra over 

the group Z7. 

i. Prove V is not doubly simple! 

ii. Find all bilinear operators on V and show it is a group 
interval bilinear algebra over Z7. 


Let V = V, U V2 = {all 2 x 2 interval matrices using 3Z> U 
{0} and 5Z” U {0}} U {3 x 3 interval matrices using 7Z* U 
{0}, 3Z° U {0}} be a bisemigroup interval bilinear algebra 
over the bisemigroup S = S; U S; = 5Z" U {0} UTZ U {0}. 
i. Is V simple? 

ii. Find subbisemigroup interval bilinear subalgebras of V. 


Show V in problem (98) is not doubly simple. 


For V in problem (98) prove set of all bilinear operators on V 
is again a bisemigroup bilinear algebra over S. 


Give an example of set-semigroup interval bilinear algebra 
which is not a set-group interval bilinear algebra. 


Is every set-group interval bilinear algebra a set - semigroup 
interval bilinear algebra? 


Show a biset interval bilinear vector space in general not a 
bigroup or bisemigroup interval bivector space. 


Obtain conditions on a bigroup interval bilinear algebra V = 
V, U V>2 so that V is never a nontrivial bisemigroup interval 


bilinear algebra. 


Derive some important and interesting properties related with 
bisemigroup interval bivector spaces. 


Give an example of a bisemigroup interval bivector space 
which is not a bisemigroup interval bilinear algebra. 
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107. 


108. 


109. 


110. 


Tit. 


112. 


113. 


Let V=V, UV2= [0,a, ]x' 
=0 


a,€3Z°U | U{Z [0, aj] 


1 


x'| a; € 5Z* U {0}} be a bisemigroup interval bilinear algebra 

defined over the bisemigroup S = S; U S; = 3Z’ U {0} U5Z" 

U {0}. 

i. Find a bigenerating subset of V. 

i. Find atleast two  bisemigroup interval _ bilinear 
subalgebras. 

ili. Find atleast two subbisemigroup interval bilinear 
subalgebras. 


Give an example of a pseudo simple bisemigroup interval 
bilinear algebra. 


Give an example of a simple bisemigroup interval bilinear 
algebra. 


Give an example of a doubly simple bisemigroup interval 
bilinear algebra of finite order. 


Give an example of a group - set interval bilinear algebra of 
infinite order. 


Give an example of a group semigroup interval bilinear- 
algebra of finite order. 


Prove a set-group interval bivector space in general is not a 
semigroup-group interval bivector space. 
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